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Over the past four decades public transit usage has declined in the United States. 
Transit Planners have suggested that public transit usage should be encouraged because 
public transit can account for greater travel demand than cars and would reduce pollution, 
traffic congestion and energy consumption. Easy access to public transit stops is important 
because research has found that usage of public transit and access are inversely 
proportional. U.S. transit systems have a relatively high density of stops resulting in high 
accessibility levels at the cost of increased travel times. In this study access distance to 
transit stops and bus stop spacing was used as the basis to examine the inefficiencies, 
indicated by the redundancy in the number of bus stops, in the Capitol Area Transit System 
(CATS) of East Baton Rouge Parish, Louisiana. The Distance Constrained P-Median 
Problem model was used. Based on the bus stop spacing standard of 300-600 m it was 
found that the interpreted increase in average bus stop spacing for the suggested minimum 
number of bus stops along all the routes was 617.97 m.  It was found that on average for all 
the routes, about 74.68 % bus stops can be reduced for the 400 m access standard. The 
suggested reduction in the number of bus stops will not sacrifice the current level of 
geographic coverage and would not increase the average access distance to bus stops 
beyond the accepted standard of 400 m. 
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CHAPTER 1: INTRODUCTION 
 
1.1 Background 
Over the past four decades Americans have increasingly preferred cars over 
public transit for their daily travel needs because of the rapid decentralization of 
population and employment. According to (Cervero 1998) most land use, housing, 
transportation, and tax policies in the United States strongly encourage auto use and auto-
dependent suburban sprawl. The journey-to work portion of the US Census reports that 
the percentage of work trips made by public transit fell from 12.6% in 1960 to only 4.7% 
in 2000.The series of Nationwide Personal Transportation Surveys (NPTS) and National 
Household Travel Survey (NHTS) show that Americans have been relying increasingly 
on the car for all their travel purposes, not just for the journey-to-work. Thus, the auto’s 
share of daily, local travel rose from 81.8% of trips in 1969 to 86.4% in 2001, while 
public transit’s share fell from 3.2% to 1.6% over the same period. In 35 of the largest 
metropolitan regions of United States, only 7% of work trips are made by public transit 
(Newman and Kenworthy 1999). 
Public transit should be encouraged because it can accommodate greater travel 
demand than cars. Increasing the share of public transit will reduce traffic congestion, 
improve air quality, reduce the number of accidents, reduce energy consumption, increase 
the number of viable transportation options and help improve the quality of life and 
create new economic opportunities. In order to reverse the trend of declining public 
transit usage and achieve sustainable development, particularly in urban regions, a well 
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utilized and efficient public transit system has to become an important part of the effort 
(Newman and Kenworthy 1999).  
According to the 1995 Nationwide Personal Transportation Survey (NPTS), 
transit travel times are about twice as long, on average, as automobiles. Bus travel time is 
typically 1.4-1.6 times longer than travel time with private automobiles in a survey of 
several large US cities (Levinson 1983). For public transit to become an attractive option 
of travel it would have to be easily accessible, have a greater service area coverage and 
travel speeds, at the least, comparable to that of car travel. In transit planning the physical 
access to transit services (i.e. having easy access to stops) and the geographic space that 
is reachable from a particular location within a given travel time budget are important 
considerations (O’Sullivan, Morrison, and Shearer 2000). A modal transit would provide 
access to maximum number of people, (i.e. having stops in most of the service area) but 
this would reduce the travel speed of the service and make it unattractive for people with 
restrictions on their travel time budgets. The fewer the number of stops along a route, the 
faster the travel speeds and the further one can travel over a fixed period of time 
(Wirasinghe and Ghoneim 1981).  
In the United States bus-based transit systems are the dominant form of public 
transit in the metropolitan regions. Traditionally providing service to the largest number 
of people, in cities that were mainly designed for car use, is noticed to be more important 
compared to door-to-door travel time (Benn 1995). The idea was to increase access to 
services rather than increasing accessibility, which led to an increase in the number of 
stops along the existing routes (Murray et al. 1998).  Ammons (2001) studied bus stop 
spacing standards for a number of agencies and found that stop spacing typically ranges 
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from 656 - 1968 feet (200-600 m) in urban areas. In the United States, at least 7 to 10 
stops are placed for each mile (Reilly 1997). Routes with fewer stops have faster travel 
speeds as well as less associated operational costs (Wirasinghe and Ghoneim 1981; Saka 
2001).  
Murray (2001) notes that bus-based transit service can be made attractive to the 
public by improved routing, express services, and minimizing the number of stops along 
routes. To improve public transit usage both access and service quality have to be 
improved (Larwin 1999). Recent studies suggest that transit service efficiency can be 
increased without sacrificing current access coverage. Murray and Davis (2001) 
conducted a strategic analysis using the location set covering problem (LSCP) in order to 
assess how many stops in a system were actually required to maintain current levels of 
coverage. It was found that only 10 percent of existing bus stops were necessary to 
provide equivalent service coverage. Linear programming models have been proposed to 
place stops appropriately along a transit route and increase the efficiency of the transit 
system (Saka 2001; Wirasinghe and Ghoneim 1981; Murray and Wu 2003). 
Murray and Wu (2003) developed extensions of the classic p-median problem to 
analyze bus transit route accessibility. The intent was to minimize average access to a 
stop while simultaneously seeking to improve travel speeds along the route by 
eliminating redundant stops. Previous studies have considered only a single route or 
neglected the route structure for their analysis. This thesis will use the model proposed by 
Murray and Wu (Murray and Wu 2003), Distance Constrained p-Median Problem 
(DCPMP), to improve the transit service quality, route by route, for the Capital Area 
Transit System of East Baton Rouge Parish.  
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1.2 Objectives and Hypothesis 
According to the Policy and code audit report for East Baton Rouge Parish and 
the City of Baton Rouge, prepared by the Smart Growth Leadership Institute, public 
transit in Baton Rouge does not enjoy public support. The report suggests improving and 
expanding public transit service. First step in this direction should be the evaluation of 
the existing public transit service’s efficiency and then try to improve it. 
Murray and Wu (2003) propose the Distance Constrained p-Median Problem 
(DCPMP) and the Route Directed-Distance Constrained p-median Problem (RD-
DCPMP). The aim is to reduce the current number of stops in order to promote faster 
transit travel speeds and greater geographic coverage given a travel time budget. They 
conclude that it may be possible to improve performance while ensuring suitable access 
to those currently served. So, the overall objective of this thesis is to apply the Distance 
Constrained p-Median Problem (DCPMP) model to the different bus routes of the Capitol 
Area Transit System (CATS) of Baton Rouge. Specifically, the thesis will 
1) test the hypothesis that there are more than necessary numbers of bus 
stops in the existing transit system in Baton Rouge. 
2)  determine the minimum number of bus stops necessary to provide the 





CHAPTER 2: LITERATURE REVIEW 
 
 
Growing population, increased levels of traffic congestion, environmental and 
energy concerns in many urban and suburban areas, has forced attention towards the 
problem of diminishing role played by the public transit systems. Organizations 
nationwide are faced with the challenge of attracting people back to public transit. A 
variety of ridership-building strategies have been explored and studied, including 
improving transit services, implementing transit signal priority policy, encouraging 
transit-friendly land use development, etc. Accessibility has been recognized as one of 
the most important factors that affect transit use. Transit accessibility refers to the ability 
of travelers to reach transit facilities, including bus stops and/or rail stations (Zhao, Li, 
and Chow 2002). 
2.1 Accessibility 
Accessibility is a commonly used concept in transport planning, urban planning 
and in geography. Accessibility is often defined as the ease of travel between two 
locations. However there seems to be no standard definition for accessibility. 
Accessibility is defined and operationalised in several ways, and thus has taken on a 
variety of meanings. Even in the specific field of transportation, the definitions and the 
uses of accessibility vary considerably. Some of the well-known definitions of 
accessibility include “the potential of opportunities for interactions” (Hansen 1959) and 
“the ease with which any land-use activity can be reached from a location using a 
particular transport system” (Dalvi and Martin 1976). According to Wachs and Kumagai  
(1973) “Accessibility is perhaps the most important concept in defining and explaining 
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regional form and function.” Ingram (1971) stated that accessibility may be defined as 
“the inherent characteristic (or advantage) of a place with respect to overcoming some 
form of spatially operating source of friction (for example, time and/or distance)”. 
2.1.1 Accessibility Measures 
According to Tagore & Sikdar (1995), the three main components of an 
accessibility measure are:  “i) the location and characteristics of resident population; ii) 
geographical distribution and intensity of economic activities; and iii) the characteristics 
of existing transportation system”. Baradaran & Ramjerdi (2001) classified the 
approaches for measuring accessibility into: 
a) Travel-cost approach – it reflects the “spatial separation” characteristics of a 
transportation network, i.e., distance, time, generalized cost, etc; 
b) Constraints-based approach – it reflects the number of activities (or 
opportunities) that can be reached from an origin point within a certain time limit; 
c) Gravity approach –derived from the gravity model formula, it reflects both the 
attractiveness of zones and the quality of the transportation system that connects 
them; 
d) Utility-based approach–developed based on disaggregate/behavioral approach 
originally proposed by Ben-Akiva and Lerman (1978) and therefore they reflect, 
in addition to the characteristics of the transportation system, the utility that 
different alternatives of services or facilities have to the users; 
e) Composite approach – developed by combining the space-time and utility-
based models and it assumes uniform travel speed; 
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2.2 Transit Accessibility 
Many factors contribute to transit accessibility, including reasonable proximity 
from the origin and the destination to the service; safe, pleasant, and comfortable walking 
pathways to transit facilities; and acceptable parking facilities for cars or bicycles, etc. In 
public transit planning, access to the service and accessibility provided by the service are 
two very important issues (Murray et al. 1998). Access is the ease with which people can 
reach the transit stop. Accessibility is the suitability of the transit system in helping 
people get to their destinations in a reasonable amount of time. See figure 1. 
2.2.1 Walking Distance to Transit Stops 
Of the many factors, walking distance to transit facilities is recognized as an 
important determinant of transit use. A quarter mile, approximately 400 m, is the 
commonly accepted distance for a people willing to walk to use transit (Demetsky and 
Lin 1982). Cervero (1994) found that proximity to a rail station was a much stronger 
determinant of transit use than land-use mix or quality of the walking environment. 
Levinson and Brown-West (1984) indicated in their study that transit use sharply drop 
after the first 0.06 mile, and diminish beyond 0.36 mile. Zhao, Li, and Chow (2002) 
found that transit use deteriorates exponentially with walking distance to transit stops. A 
decay function was developed to reflect the deteriorating trend in transit use with respect 
to walk distance. So, increasing suitable access to transit systems is seen as a means of 





Figure 1: Public transport system access (Source: 
Murray et al. 1998) 
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2.2.2 Measuring Transit Access 
Traditionally, transit access is measured using the GIS buffer technique. In this 
method access is defined as a specific distance (or travel time) to a public transit stop, 
and then all the areas within the threshold distance of all stops are identified. People 
living in the areas identified as within the threshold distance are said to have suitable 
access.  Generally the specified distance is quarter mile from bus stops or rail stations.  
There are problems with this method. One is that it assumes Euclidean walking 
distance to a transit stop. When in reality the pathways are always longer, and must 
follow the actual street network. Another issue is that information on the exact residence 
or location of individuals is not available. The most precise geographic information 
which exists is census data reported at some aggregate scale. This is a problem of scale 
and aggregation as discussed in Murray and Gottsegen (1997). 
Alternative measures to improve the estimation of the transit service population 
have been proposed.  O’Neill, Ramsey, and Chou (1995) developed a work ratio method, 
in which the proportion of population was calculated as the ratio of total length of streets 
that are within quarter mile to that of all streets. The network-based method yielded lower 
estimates of access than the traditional buffer method. However the method doesn’t work 
well for mixed density land uses. The Florida Department of Transportation recently 
developed the Transit Level of Service software (TLOS). A TLOS Indicator was 
developed as a single transit access measure that addresses both the spatial and temporal 
aspects of transit access.  TLOS employs a concept of “percent person-minutes served” 
(PPMS), which is based on the fact that transit service coverage is determined not only by 
the spatial separation between transit facilities to trip origins and destinations, but also by 
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the frequency and hours of service. The TLOS software allows one to quantify and 
visualize the mobility provided by a transit system at different times of the day and week 
at any location within the system's service area. These methods indicate that far fewer 
individuals have ‘adequate’ transit service to meet their travel needs than had been 
previously thought.  
2.2.3 Measuring Transit Accessibility 
Koenig (1980) presents a general formulation for accessibility in the form: 
Ai = ∑
j
Oj f (Cij)    (1) 
Where Ai is the accessibility of a location i, Oj is the set of opportunities (or facilities) 
available at location j, Cij is the cost of the journey from i to j, which can be either in the 
form of distance or time and f (Cij) is some cost function. Usually the value of the cost 
function (f (Cij)) decreases as the cost (Cij) increases because more distant opportunities 
have lower accessibility values. Measuring Transit accessibility depends on the context of 
the study (Kwan 1998) . Travel time involved in getting from origin to destination is an 
important consideration for transit users because reduced travel times enhance public 
transit service and increase utilization. O’Sullivan, Morrison, and Shearer (2000) used 
travel times as the basis and developed isochrone maps to asses the accessibility of public 
transit in Glasgow city. Gleason (1975) applied a location model for siting bus stops in 
order to ensure coverage of ridership as well as promote travel time efficiency. 
Wirasinghe and Ghoneim (1981) focused on optimal bus spacing. Murray (2003) 
evaluated transit accessibility by examining service coverage redundancy. The existence 
of service redundancy suggests an opportunity for system improvement, and potentially 
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greater utilization of transit in the long term. Since the aim of this thesis is enhancing 
public transit service in order to increase utilization, emphasis is on the travel speed 
aspect of accessibility. One of the ways to improve the travel speeds in the bus transit 
system would be to reduce the number of bus stops in a route without affecting the access 
to the service or the geographic coverage (accessibility) of the system.  
2.3 Bus Stop Spacing 
On many bus routes in the United States, the existing pattern of stops is the result 
of a transit planning process spanning many decades. Traditionally in cities that were 
mainly designed for car use providing service to the largest number of people is noticed 
to be more important compared to door-to-door travel time (Benn 1995).  New bus stops 
are commonly installed in response to citizen requests or complaints. It becomes very 
difficult to remove existing bus stops as people become accustomed to established bus 
stop locations, even if the original purpose for a bus stop is no longer an issue.  
2.3.1 Bus Stop Spacing Standards 
The number of bus stops has a direct impact on travel speeds of the transit system. 
So the topic of optimal bus stop spacing has been widely researched in transit planning 
(Wirasinghe and Ghoneim 1981; Furth and Rahbee 2000; Saka 2001; Murray and Wu 
2003). Reilly (1997) observed that European transit agencies have at the least 3 to 4 bus 
stops for each mile, while in the United States there are 7 to 10 stops for each mile. In a 
study of transit travel times, Levinson (1983) concluded that the performance of the 
transit system could be improved by keeping the number of stops to a minimum. A 
number of research efforts have concluded that the optimal bus stop spacing for most 
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transit routes is somewhere between 300-600 m between stops (Van Nes and Bovy 2000; 
Furth and Rahbee 2000; Saka 2001).  
Most transit providers have developed bus stop spacing standards, but all the 
standards are not uniform because each agency has developed standards based on its local 
needs (Benn 1995). Bus stop spacing standards of different agencies indicate that stop 
spacing typically ranges from 200-600 m, but could go to as high as 800m in rural areas 
(Demetsky and Lin 1982; Ammons 2001). Generally, the distance between stops is 
inversely related to the density of development, ranging from about every other 
intersection in central business districts to as much as one-half mile in low-density rural 
environments.   
The objective of passengers is to minimize the sum of their accessibility (Murray 
and Wu 2003). Reducing operational costs and generating more revenues by increasing 
service reliability and passenger satisfaction is the focus of transit agencies (Van Nes and 
Bovy 2000) .  The relatively high density of stops in U.S. transit systems results in high 
accessibility levels. Thus, while elimination of stops can result in lower accessibility for 
some passengers, the aggregate reduction in accessibility from stop consolidation can be 
fairly small.  For example, Benn (1995) cites a 1992 study by MTA New York City 
Transit in which the distance between stops was increased by over 40%, but the resulting 
accessibility declined by only 12%. 
2.4 Review of Research in Bus Stop Reduction 
Several authors have developed models for  optimal bus stop spacing, resulting in 
minimization of the total travel times (in-vehicle and out-of-vehicle travel times), 
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maximization of transit patronage and minimization of system operating cost. Much of 
this research was based on the assumption that buses operate on exclusive rights-of-way 
without interference from other traffic. Previous research on bus stop spacing and 
location has been primarily analytical in nature, focusing on simple hypothetical service 
environments. But there has been a gradual shift towards attempts to simulate conditions 
representing actual routes or service environments using analytical optimization models 
and programming methods (Murray and Wu 2003; Van Nes and Bovy 2000; Furth and 
Rahbee 2000; Saka 2001; Wirasinghe and Ghoneim 1981; Vuchic and Newell 1968).  
Vuchic and Newell (1968) evaluated the trade-offs between access and in-vehicle 
times with respect to the distance between stops.  They tried to solve the problem of 
station location by minimizing the travel time. The problem can be described as an 
optimization problem where the alignment of the transit line between two points, e.g., 
source and destination are given. The positions of the intermediate stations are to be 
determined optimally based the travel time cost. Vuchic and Newell (1968) solved the 
problem analytically using dynamic programming. Optimal stop spacing was represented 
as the distance at which marginal changes in transit users’ access and in-vehicle times 
were equalized. They oversimplified the problem by assuming various factors, such as 
the transit line was considered to be linear and the population distribution to be uniform 
etc.  
Wirasinghe and Ghoneim (1981) proposed a heuristic solution approach using 
continuum approximations and calculus to identify optimal stop spacing along a route. 
They define optimal spacing of bus stops as a minimization problem with respect to 
passenger access, egress, and in-vehicle time costs, as well as transit operating cost and 
 14
the cost of building and maintaining stops. The optimal spacing of bus-stops along a local 
bus-route with nonuniform many to many travel demand was determined. 
Saka (2001) proposed a mathematical model for determining optimal bus stop 
spacing and the effect of bus stop spacing on the fleet size required to serve the route. 
The drawback of this model is that it groups many sources of delay that are important in 
the context of bus stop consolidation, into the ‘miscellaneous delay’ category. This model 
would be useful for planning new bus routes, but of limited use for predicting changes on 
well-established bus routes within a larger transit system.  
Furth and Rahbee (2000) developed a geographic model for optimal bus stop 
placement. The model was used to analyze a heavily-utilized route in the Massachusetts 
Bay Transportation Authority (MBTA) system. The model used ridership data, 
geographic network information, assessor’s data, and other inputs. Then using dynamic 
programming the optimal number and location of bus stops were determined that 
minimized passenger’s total time costs and MBTA’s route operating costs, given 
assumed values of walking and riding time. An interesting characteristic of this model is 
that it prefers larger stop spacing near the center core of the route and smaller spacing 
near the terminals, the rationale being that there are more passengers on the bus near the 
core of the route who are delayed by the extra stops. 
The model results concluded that the optimal spacing for that particular route was 
4 stops per mile, in contrast to the existing 8 stops per mile along the route. Compared to 
existing service with 37 bus stops, the programming results identified 19 stops, with 
several at new locations.  Average spacing was found to increase from approximately 200 
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to 400 m.  Passengers’ average walking time increased .60 minutes, but their in-vehicle 
times declined 1.8 minutes.  Average vehicle running times declined 4.3 minutes.  Under 
the optimal stop spacing solution, the combined savings to passengers and the MBTA 
totaled $132 per hour. 
The Location Set Covering Problem (LSCP) has been used for assessing public 
transport system inefficiencies. The Location Set Covering Problem was first proposed 
by Toregas et al. (1971) to identify the minimum number of facilities and their locations 
which ensure that all demand points are within a maximal service distance of a facility. 
LSCP when applied in transit planning for evaluating a transit system points out the 
efficiency of the system in terms of redundancy in the number of bus stops. One potential 
drawback of LSCP is that the solution might include service areas with low utilization 
and high operational costs (Murray 2003). LSCP formulation 
Minimize   ∑
∈Jj
jx     (1) 
Subject to:  1≥∑
∈ iNj
jx , all ,Ii∈   (2) 
   }1,0{∈jx     (3) 






nodeat sited isfacility a if1 j
x j  
Where: 
i, I = index and set of demand nodes or regions; 
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j, J = index and set of eligible facility nodes or sites; 
dij = distance or time between nodes i and j; 
S = distance or time standard 
Ni = set of nodes j within distance or time standard S of node i, that is, { }SdjN iji ≤= ; 
The objective (1) minimizes the total number of facilities that would be needed to 
be sited in order to cover each and every demand node by at least one facility. The 
constraints (2) ensure that every demand node i is ”covered”, that is, every demand node 
has at least one facility sited within the distance standard S. The decision variables xj are 
also required to take on values of zero or one (3). Church and ReVelle (1974) proposed 
the Maximal Covering Location Problem (MLCP) that relaxes the requirement of 
mandatory coverage of each demand node of LSCP. MLCP addresses the concern that 
complete coverage of all demand within a distance standard may be economically 
infeasible.  
 Gleason (1975) used set covering problem to allocate express bus stops. Murray 
(2003) integrated set covering problem with Arc View for an analysis of the public transit 
system of Brisbane, Australia and illustrated the potential for improving public transport 
service efficiency while maintaining current levels of access coverage for the region. It 
was shown that the public transport system in Brisbane had very low utilization and 84.5 
percent of the bus stops in the region were found to provide no additional access 
coverage using the 400m distance standard. 
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Furth and Rahbee (2000) observed that the approaches proposed by Wirasinghe 
and Ghoneim (1981) and Saka (2001) would be difficult to apply and interpret in practice 
because they have numerous assumptions and various input parameters needed. The 
Distance Constrained p-Median Problem (DCPMP) proposed by Murray and Wu (2003) 
addresses the  problem of  weak assumptions made regarding the local street network and 
lack of capabilities for evaluating input/suggestions from officials and planners. Unlike in 










CHAPTER 3: DATA AND METHODOLOGY 
3.1 The p-median Problem 
The p-median problem involves the location of a fixed number of facilities in 
such a manner that the total weighted distance of all users assigning to their closest 
facility is minimized. By minimizing weighted distance, accessibility is maximized. The 
p-median problem was first defined by (Hakimi 1965). Hakimi defined the p-median 
problem on a network of nodes and arcs. Each node was considered a place of demand as 
well as a potential facility location. The arcs represented transportation or accessibility 
linkages and could be used for facility locations as well. Hakimi proved that there existed 
at least one optimal solution to a network p-median problem that consisted entirely of 
nodes of the network.  
In 1970 ReVelle and Swain (1970) formulated the p-median problem as an integer 
programming model. The model formulation is based on the following notation: 
Minimize Z =  ijij
i j
i Xda∑∑  
Subject to:  1) Each demand node must assign to a facility: 
   1≥∑
j
ijX  for each iε I 
   2) Locate exactly p-facilities: 
   ∑
j
jY = p 
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   3) Assignment can be made only to a facility: 
   jij YX ≤  for each i and j 
   4) Integer requirements: 
   jY  = 0 or 1 for each jε J 







X ij  







Y j  
Where: 
i, I = index and set of demand areas, usually nodes of a network; 
j, J = index and set of facility sites, usually nodes of a network; 
dij = distance or time between demand area i to node j; 
ai = the amount of demand at node i, 
The objective is to minimize the total weighted distance of assignment (Xij = 1). 
When demand node i assigns to a facility located at j, then Xij = 1 and the associated 
weighted distance aidij is included in the weighted distance sum. The first constraint 
ensures that each demand point must assign to at least one facility site. Since weighted 
distance will only increase with multiple assignments, this constraint will hold as equality 
in any optimal solution. Constraint 3 maintains that any such assignment must be made to 
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only those sites that have been selected for a facility. Constraint 2 restricts the 
placement/allocation of facilities to exactly p. The final constraint lists the integer 
requirements for the Yj variables. Since at least one optimal solution to a network problem 
is comprised of a set of nodes, the above formulation can be used to identify the global 
optimal solution for a network-based application. 
3.1.2 Extensions of the p-median Problem 
Distance constrained median (Toregas et al. 1971), the Hierarchical Median 
(Narula, Ogbu, and Samuelsson 1977), the Stochastic Median (Mirchandani and Odoni 
1977), the Temporal Median (Swain 1976), the Transportation Median (Neebe 1978), the 
Zonal Constrained Median (Church 1990) and the Location and Scheduling Median 
Problems (Bloxharn and Church 1991) are all the different extensions of the p-median 
problem. 
3.1.3 Solving Procedures 
All the optimal solution procedures for solving a p-median problem involve some 
form of branch and bound algorithm. Narula, Ogbu, and Samuelsson (1977) proposed the 
Lagrangian Relaxation with sub gradient optimization technique which has been used to 
solve large problems on the order of 800-900 nodes. Maranzana (1964) developed a 
warehouse location heuristic that later became an alternate strategy for solving the p-
median problem. Teitz and Bart (1968) developed the first heuristic for the p-median 
problem. Since the original developments of Maranzana (1964)and Teitz and Bart (1968), 
a number of other heuristic procedures have been developed to solve the p -median 
problem that can be divided into the following types: genetic algorithm, simulated 
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annealing, Tabu search, Generic seaRch Algorithm for the Satisfiability Problem 
(GRASP), and hybrids. 
3.2 Distance Constrained p-Median Problem (DCPMP) 
The original version of the p-median problem formulation has no restriction on 
the distance that a user (demand) has to travel to a facility (Toregas et al. 1971). This is 
accomplished in the distance constrained p-median problem formulation by limiting the 
possible assignment of user (demand) to only those facilities that are within certain 
distance of demand through.  
In order to consolidate or reduce the number of bus stops in the Capital Area 
Transit System, the distance constrained p-median problem, proposed in Murray and Wu  







=1     (1)  




ij iz 1    (2) 
   jixz jij ,∀≤    (3) 
   px j =∑     (4) 
   ( ) jx j ∀= 1,0    (5) 
   ( ) jizij ,1,0 ∀=  
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 Decision Variables: 






route on theremain toselectedstoptransit if1 j
x j  






 stoptransit toassignedstoptransit if1 ji
zij  
Where: 
 1 route of distance  weightedtoal1 =Z  
 i =  index of ridership service areas; 
 j =  index of potential transit stops (entire set denoted J); 
 ;maintained be  tostops ofnumber =p  
 iai  area servicein  demand ridership potential= ; 
 jidij  stop to area service from  timetraveldistanceshortest = ; 
  S   = suitable access distance standard; 
 { }SdjN iji ≤=  
                     = set of bus stops that are within a distance S 
The objective of the DCPMP, Eq. (1), is to minimize the total weighted 
assignment of potential demand to its nearest sited transit stop. The use of dij enables the 
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model to account for differing levels of local accessibility to stops. Constraint (2) requires 
potential ridership demand in each area to be assigned to a transit stop within the suitable 
coverage standard. This constraint ensures that all potential demand for service is located 
within the acceptable access standard. Constraint (3) prohibits assignment to a stop unless 
that stop is sited. Constraint (4) stipulates that p stops are to be located. Finally, integer 
restrictions are stipulated in constraint (5). 
Since this thesis deals with finding the redundancy in the number of bus stops in a 
public transit system, it is assumed that potential transit stop locations already exist and 
that potential user demand is equal to the total population of a census block. In order to 
account for the suitable access standard, the DCPMP limits possible assignment to only 
those stops that are within the access standard through the use of the set Ni. The 
capability for trading off access and geographic coverage (service efficiency through 
fewer stops) is provided through the use of the parameter p, the number of stops to 
maintain. If the DCPMP is solved for a range of p values, a tradeoff will result. As p 
increases, the average travel distance to one’s closest stop decreases.  
3.2.1 Solving DCPMP 
The development of linear programming (LP) techniques since the 1950s has 
enabled more efficient computation of many complex problems like the DCMP.  LP 
requires that the problem be reduced to a set of linear functions.  The standard form for 
LP problems requires an objective function, which is a function to be maximized or 
minimized, along with a set of linear constraint functions. The most common method of 
solving LP problems is the simplex algorithm. Simplex method tests adjacent vertices of 
the feasible set in sequence so that at each new vertex the objective function improves or 
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is unchanged. The simplex method has proved to be very efficient in practice (Nocedal 
and Wright 1999).  
3.3 Data and Software Used 
This thesis will examine the system redundancy in terms of unnecessary bus stops 
for the Capital Area Transit System routes separately. This study uses an extension of the 
p-median problem, the Distance Constrained p-Median Problem, proposed by Murray 
and Wu (2003). The difference between the two studies is that the former study analyzed 
a single route of the central Ohio Transit Authority (COTA) in Columbus, Ohio, where 
as, in this thesis the same model and approach is applied to all the routes of the Capital 
Area Transit System (CATS) in Baton Rouge, Louisiana.  
3.3.1 Data  
Different GIS data layers were required in order to perform the analysis. 
Population data was needed at a fine-grained level, preferably by parcel, in order to 
determine a very precise population distribution. But parcel level data, for the study area, 
is not easily available. So, the next finest aggregation level at which population data was 
easily available was at the Census Block level from the 2000 U.S. Census Bureau dataset. 
Data on roads was available from the 2000 U.S. Census Bureau dataset. Route and bus 
stop location data were obtained from Capital Region Planning Commission of East 
Baton Rouge Parish.  
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3.3.2 Software Used 
ArcGIS 9.0, a commercial geographic information system (GIS) package, was 
used to support the operational analysis, such as creating buffers around bus stops, 
selection of census blocks based on location and others.  
XTools Pro – extension for ArcGIS, version 3.1.1 is an extension for ArcGIS 
Desktop end-users and is available for free download from the company website. The 
software is free for 30 day evaluation period. XTools Pro was used in calculating the 
centroids of the census blocks with transit access.  
Hawth’s Analysis Tools version 3.21 is an extension for ESRI's ArcGIS 
(specifically ArcMap) to perform spatial analysis and functions that cannot be 
conveniently accomplished with out-of-the-box ArcGIS and is free to download from the 
company website. Hawth’s Analysis Tools is used for calculating the Distance between 
bus stops and the census blocks with access centroids. 
 ILOG CPLEX version 8.1 is a commercial linear program solver and was used to 
solve the optimization problems. ILOG OPL Development Studio is a development tool 
for ILOG CPLEX.  ILOG OPL Development Studio trial version can be downloaded 
from the company website and has a limit on the problem size that it can solve. Results 
are then exported from CPEX and read into ArcGIS for analysis and display. 
C# programs were written to produce the associated optimization problems in text 
file format that could were inputted into ILOG OPL Development Studio and to analyze 
the output files from the Linear Programming solver. 
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3.4 Study Area 
Transit service in the Baton Rouge metropolitan area is provided by the Capital 
Area Transit System (CATS). CATS operates a fleet of 45 passenger vehicles on 17 fixed 
routes (Figure 3) of which 6 are university routes and 11 are regular parish-wide routes. 
The regular CATS routes provide service every 15 to 30 minutes during peak periods, 
and every 30 to 60 minutes during off-peak periods. The university routes provide service 
while school is in session, and headway on these routes varies from 12 to 25 minutes 
depending on the route and time of day. The data for the routes was two years old and 
does not reflect the changes that have taken place since then.  
3.5 Analysis 
The analysis processes involves using GIS for the operational analysis of the bus 
stops for each route and using the Linear Programming solver to solve the optimization 
problem and display the results in the form of maps and graphs. Figure 4 shows the 
processes and data flow. 
3.5.1 Estimation of Population Accessibility to Transit 
For each route, a buffer size of 400 m drawn around all the bus stops was used to 
calculate the transit service population. Population of each census block is assumed to be 
located at the geographic centroid of the block and Euclidian distance is assumed 
between the census block geographic centroid (location of population) and the transit 
stop. Another assumption is that the demand for public transit is equal to the total 











































Figure 2: Study Area 
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Figure 3: CATS bus routes, East Baton Rouge Parish 
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Using the ‘converts shape to centroids’ option of XTools Pro (for example see figure 5) 
centroids are calculated for the census blocks with transit access. All the census blocks 
that have their centroids within the buffer are selected and said to have access to transit 
service. 
3.5.2 Distance Matrix 
Distances between bus stops and the centroids of census blocks with access are 
calculated using the ‘Distance between points (between layers)’ option of the Hawth’s 
Analysis Tools which is a free extension for ArcGIS. The distance matrix is outputted as 
an excel file with the distance values for all the centroids of census blocks with access 
and each bus stop. 
3.5.3 Linear Program Solver 
The DCPMP is solved optimally using ILOG CPLEX, an industry-standard LP 
application.  The input data for CPLEX includes distance matrix, Ni, ai and p. Ni is a set 
of all bus stops that are within the distance standard S of census block centroids. As 
discussed earlier S is 400 m. So, Ni is a set of all the bus stops that are within 400 ms of 
census block centroids. C# program has been written which uses the distance matrix file 
created in the previous step to output Ni. ai is the total population in each census block 
and is assumed to represent the demand for the transit at the block level. p is total number 
of bus stops on a particular route. Now that all the required input variables are available, 
another C# program has been written to generate the input data file in the required format 
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Following is an example of the input data file: 
Service Area = 121; 
Potential Stop = 20; P = 5; 
N = [{3} {3} {3} {0 1 17 18 19} {0 1 5 6 7 8 17 18 19}…………………..] 
d= [[1212.155 996.403 535.778 387.225 553.194 729.667 956.316 
1074.199 1180.908 1304.744 1411.67 1532.183 1842.599 1843.165 
1945.546 1546.463 1443.497 1216.15 1101.567 1043.68]  
[1174.245 950.271 485.772 314.316 504.521 691.339 926.918 
1047.933 1155.822 1281.92 1390.48 1511.795 1837.646 1838.198 
1930.453 1515.729 1410.629 1178.364 1059.868 981.71]  
[1089.896 863.014 403.053 224.7 422.049 610.976 848.836 970.646 
1078.495 1205.189 1314.181 1435.483 1769.307 1769.85 1855.954 
1433.79 1327.922 1094.058 974.177 886.91]  
[350.254 281.945 625.378 767.584 610.527 481.92 406.487 418.44 
448.391 519.673 595.989 686.299 1053.509 1053.882 1067.34 617.669 
523.887 352.783 295.683 154.99]  
[393.368 421.751 660.247 829.807 643.261 480.373 310.131 266.572 
280.233 333.586 406.38 507.351 763.807 764.384 883.849 571.709 
500.529 394.085 391.478 546.75]………..] 
 
a= [0 0 0 0 0…..] 
DCMP is solved for various p values to observe the variation in the average 
access.  CPLEX uses a simplex algorithm to perform calculations specified using a 
scripting language.  Below is the script in the model file used: 
int ServiceArea = ...;  
int PotentialStop = ...;                             
int P = ...;    
            
range SARange 0..ServiceArea-1; 
range PSRange 0..PotentialStop-1; 
 
int+ a[SARange] = ...;    
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float+ d[SARange, PSRange] = ...;  
{int} N[SARange] = ...;          
var int+ x[PSRange] in 0..1;     
var int+ z[SARange, PSRange] in 0..1;  
 
minimize 
  sum(i in SARange) 
      (sum(j in N[i]) (a[i] * d[i][j] * z[i][j])) 
subject to { 
   forall(i in SARange)                                      
      sum(j in N[i]) z[i][j] = 1; 
   forall(i in SARange, j in PSRange)                      
      z[i][j] <= x[j]; 
   sum(j in PSRange)   
      x[j] = P; 
}; 
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CHAPTER 4: RESULTS AND DISCUSSIONS 
The DCMP model was applied to all the seventeen routes in CATS separately. 
This chapter will show the analysis and discussion for three routes and rest will be shown 
in the appendix section.  The three routes are Airline, Bluebonnet and College routes. 
These routes were selected each route was serving in different part of the total service 
area, serving the needs of varying population densities. For each of these routes a map 
representing their service blocks for 400 m access distance, table detailing route 
characteristics for the successive reduction of total bus stops, tradeoff graph between the 
average access distance and total bus stops and map showing the minimum number of 
stops necessary for continuing the present level of service are shown.  
4.1 The Airline Route 
Airline route had the most number of bus stops of all the routes. The length of the 
route was approximately 19.65 miles with 9.7 bus stops per mile. Suitable access 
standard S was set as 400 m and buffers were drawn around the bus stops. This resulted 
in partial or complete coverage for 290 census blocks with a total population of 18,744. 
The associated problem dimensions of DCPMP were 55681 rows (constraints) and 55581 
columns (variables). Starting with a p equal to 191, the DCPMP was solved for different 
p. p was successively reducing by 1 until the DCPMP failed to give a solution, which was 
at p = 31. So, p=31 is the minimum number of bus stops that are required to provide 
suitable access coverage according to DCPMP.  Table 1 shows the tradeoffs between 
number of bus stops and access to bus stops and the bus stop spacing values for the 
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191 0.00 165.72 0.00 269.50 0.00 
190 0.52 166.59 0.53 269.50 0.00 
189 1.05 167.47 1.05 269.50 0.00 
188 1.57 168.36 1.58 269.50 0.00 
187 2.09 169.26 2.11 269.50 0.00 
186 2.62 170.17 2.63 269.50 0.00 
185 3.14 171.09 3.16 269.50 0.00 
184 3.66 172.02 3.68 269.50 0.00 
183 4.19 172.96 4.21 269.50 0.00 
182 4.71 173.91 4.74 269.50 0.00 
181 5.24 174.87 5.26 269.50 0.00 
180 5.76 175.84 5.79 269.50 0.00 
179 6.28 176.83 6.32 269.50 0.00 
178 6.81 177.82 6.84 269.50 0.00 
177 7.33 178.83 7.37 269.50 0.00 
176 7.85 179.84 7.90 269.50 0.00 
175 8.38 180.87 8.42 269.50 0.00 
174 8.90 181.91 8.95 269.50 0.00 
173 9.42 182.96 9.48 269.50 0.00 
172 9.95 184.02 10.01 269.50 0.00 
171 10.47 185.10 10.53 269.50 0.00 
170 10.99 186.19 11.06 269.50 0.00 
169 11.52 187.29 11.59 269.50 0.00 
168 12.04 188.41 12.11 269.50 0.00 
167 12.57 189.53 12.64 269.50 0.00 
166 13.09 190.68 13.17 269.50 0.00 
165 13.61 191.83 13.70 269.50 0.00 
164 14.14 193.00 14.22 269.50 0.00 
163 14.66 194.18 14.75 269.50 0.00 
162 15.18 195.38 15.28 269.50 0.00 
161 15.71 196.60 15.80 269.50 0.00 
160 16.23 197.83 16.33 269.50 0.00 
159 16.75 199.07 16.86 269.50 0.00 
158 17.28 200.33 17.39 269.50 0.00 
157 17.80 201.61 17.91 269.50 0.00 
156 18.32 202.90 18.44 269.50 0.00 
155 18.85 204.21 18.97 269.50 0.00 
154 19.37 205.53 19.50 269.50 0.00 
153 19.90 206.88 20.03 269.50 0.00 
152 20.42 208.24 20.55 269.50 0.00 
151 20.94 209.62 21.08 269.50 0.00 
150 21.47 211.01 21.61 269.50 0.00 
149 21.99 212.43 22.14 269.50 0.00 
148 22.51 213.87 22.67 269.50 0.00 
147 23.04 215.32 23.19 269.50 0.00 
(table cont’d…) 
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146 23.56 216.79 23.72 269.50 0.00 
145 24.08 218.29 24.25 269.50 0.00 
144 24.61 219.81 24.78 269.50 0.00 
143 25.13 221.34 25.31 269.50 0.00 
142 25.65 222.90 25.84 269.50 0.00 
141 26.18 224.48 26.36 269.50 0.00 
140 26.70 226.09 26.89 269.50 0.00 
139 27.23 227.71 27.42 269.50 0.00 
138 27.75 229.36 27.95 269.50 0.00 
137 28.27 231.04 28.48 269.50 0.00 
136 28.80 232.74 29.01 269.50 0.00 
135 29.32 234.46 29.54 269.50 0.00 
134 29.84 236.21 30.07 269.50 0.00 
133 30.37 237.99 30.59 269.50 0.00 
132 30.89 239.79 31.12 269.50 0.00 
131 31.41 241.62 31.65 269.50 0.00 
130 31.94 243.48 32.18 269.50 0.00 
129 32.46 245.36 32.71 269.50 0.00 
128 32.98 247.28 33.24 269.50 0.00 
127 33.51 249.23 33.77 269.50 0.00 
126 34.03 251.21 34.30 269.50 0.00 
125 34.55 253.22 34.83 269.50 0.00 
124 35.08 255.26 35.36 269.50 0.00 
123 35.60 257.33 35.89 269.50 0.00 
122 36.13 259.44 36.42 269.50 0.00 
121 36.65 261.59 36.95 269.50 0.00 
120 37.17 263.77 37.48 269.50 0.00 
119 37.70 265.98 38.01 269.50 0.00 
118 38.22 268.24 38.54 269.50 0.00 
117 38.74 270.53 39.07 269.50 0.00 
116 39.27 272.86 39.61 269.50 0.00 
115 39.79 275.24 40.14 269.50 0.00 
114 40.31 277.65 40.67 269.50 0.00 
113 40.84 280.11 41.20 269.50 0.00 
112 41.36 282.61 41.73 269.50 0.00 
111 41.88 285.15 42.26 269.50 0.00 
110 42.41 287.75 42.79 269.50 0.00 
109 42.93 290.39 43.33 269.50 0.00 
108 43.46 293.07 43.86 269.50 0.00 
107 43.98 295.81 44.39 269.50 0.00 
106 44.50 298.60 44.92 269.50 0.00 
105 45.03 301.45 45.45 269.50 0.00 
104 45.55 304.35 45.99 269.50 0.00 
103 46.07 307.30 46.52 269.50 0.00 
102 46.60 310.31 47.05 269.50 0.00 
101 47.12 313.39 47.59 269.50 0.00 
100 47.64 316.52 48.12 269.50 0.00 
99 48.17 319.72 48.65 269.50 0.00 
98 48.69 322.98 49.19 269.50 0.00 
97 49.21 326.31 49.72 269.50 0.00 
96 49.74 329.71 50.26 269.50 0.00 
(table cont’d…) 
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95 50.26 333.18 50.79 269.50 0.00 
94 50.79 336.72 51.33 269.50 0.00 
93 51.31 340.34 51.86 269.50 0.00 
92 51.83 344.04 52.40 269.50 0.00 
91 52.36 347.82 52.93 269.50 0.00 
90 52.88 351.69 53.47 269.50 0.00 
89 53.40 355.64 54.00 269.50 0.00 
88 53.93 359.68 54.54 269.50 0.00 
87 54.45 363.82 55.08 269.50 0.00 
86 54.97 368.05 55.61 269.50 0.00 
85 55.50 372.38 56.15 269.50 0.00 
84 56.02 376.81 56.69 269.50 0.00 
83 56.54 381.35 57.23 269.50 0.00 
82 57.07 386.00 57.76 269.50 0.00 
81 57.59 390.77 58.30 269.50 0.00 
80 58.12 395.65 58.84 269.50 0.00 
79 58.64 400.66 59.38 269.50 0.00 
78 59.16 405.80 59.92 269.50 0.00 
77 59.69 411.07 60.46 269.50 0.00 
76 60.21 416.47 61.00 269.51 0.00 
75 60.73 422.03 61.54 269.51 0.00 
74 61.26 427.73 62.08 269.51 0.00 
73 61.78 433.59 62.63 269.52 0.00 
72 62.30 439.61 63.17 269.53 0.00 
71 62.83 445.80 63.71 269.54 0.00 
70 63.35 452.17 64.26 269.57 0.01 
69 63.87 458.73 64.80 269.60 0.01 
68 64.40 465.47 65.34 269.63 0.01 
67 64.92 472.42 65.89 269.69 0.02 
66 65.45 479.58 66.44 269.82 0.05 
65 65.97 486.95 66.98 269.97 0.06 
64 66.49 494.56 67.53 270.17 0.07 
63 67.02 502.41 68.08 270.47 0.11 
62 67.54 510.52 68.63 270.78 0.12 
61 68.06 518.89 69.18 271.14 0.13 
60 68.59 527.53 69.73 271.54 0.15 
59 69.11 536.48 70.28 271.99 0.17 
58 69.63 545.73 70.83 272.46 0.17 
57 70.16 555.30 71.39 273.12 0.24 
56 70.68 565.22 71.94 273.80 0.25 
55 71.20 575.49 72.50 274.50 0.26 
54 71.73 586.15 73.06 275.28 0.28 
53 72.25 597.21 73.61 276.09 0.29 
52 72.77 608.69 74.17 276.98 0.32 
51 73.30 620.63 74.74 277.94 0.35 
50 73.82 633.04 75.30 279.02 0.39 
49 74.35 645.96 75.86 280.12 0.40 
48 74.87 659.42 76.43 281.23 0.39 
47 75.39 673.45 77.00 282.42 0.42 
46 75.92 688.09 77.57 283.66 0.44 
45 76.44 703.38 78.14 284.96 0.46 
(table cont’d…) 
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44 76.96 719.37 78.71 286.37 0.50 
43 77.49 736.09 79.29 288.23 0.65 
42 78.01 753.62 79.87 290.71 0.86 
41 78.53 772.00 80.45 293.22 0.86 
40 79.06 791.30 81.03 295.86 0.90 
39 79.58 811.59 81.62 298.65 0.94 
38 80.10 832.95 82.21 302.04 1.14 
37 80.63 855.46 82.81 305.67 1.20 
36 81.15 879.22 83.41 310.33 1.52 
35 81.68 904.34 84.01 315.57 1.69 
34 82.20 930.94 84.62 321.08 1.75 
33 82.72 959.15 85.23 327.12 1.88 
32 83.25 989.13 85.85 335.11 2.44 
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Figure 8: Selected Stops Using DCPMP for the Airline Route 
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to provide the current level of accessibility but with a reduced number of bus stops (p 
=31) for the Airline route. 
From table 1, it is concluded that the bus stops are very closely spaced with a 
value of 165.7 m on average for p = 191 stops which is very much less than the lower 
limit of acceptable standard for optimal bus stop spacing of 300 m. So, it indicates a 
dense distribution of bus stops along the route. From figure 7 it is clear that access does 
not start to increase until p = 74. From table 4 the total number of bus stops could be 
reduced to 71 without any increase in average access distance. Also in the extreme case 
of reducing the bus stops to p = 31, access distance only increases by only 2.7% to 
344.23 m on average, which is less the commonly accepted standard of 400 m. So there is 
a possibility of reducing the number of stops along the Airline route without increasing 
the transit accessibility very much. 
4.2 The Bluebonnet Route 
Bluebonnet route length was approximately 10.94 miles with 8 stops per mile. 
Suitable access standard S, 400 m, buffers were drawn around the bus stops. This resulted 
in partial or complete coverage for 209 census blocks with total population of 8721. The 
associated problem dimensions of DCPMP were 18602 rows (constraints) and 18480 
columns (variables). Starting with p equal to 88, the DCPMP was solved for different p 
values. DCPMP failed to give a solution at p = 22. Table 2 shows the tradeoffs between 
number of bus stops and average access distance to bus stops and the bus stop average 
spacing values for Bluebonnet route. Figure 11 shows the map for the minimum number 
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88 0.00 200.02 0.00 229.82 0.00 
87 1.14 202.31 1.15 229.82 0.00 
86 2.27 204.67 2.30 229.82 0.00 
85 3.41 207.07 3.45 229.82 0.00 
84 4.55 209.54 4.60 229.82 0.00 
83 5.68 212.06 5.75 229.82 0.00 
82 6.82 214.65 6.90 229.82 0.00 
81 7.95 217.30 8.05 229.82 0.00 
80 9.09 220.02 9.20 229.82 0.00 
79 10.23 222.80 10.36 229.82 0.00 
78 11.36 225.66 11.51 229.82 0.00 
77 12.50 228.59 12.66 229.82 0.00 
76 13.64 231.60 13.82 229.82 0.00 
75 14.77 234.68 14.97 229.82 0.00 
74 15.91 237.86 16.12 229.82 0.00 
73 17.05 241.11 17.28 229.82 0.00 
72 18.18 244.46 18.43 229.82 0.00 
71 19.32 247.91 19.59 229.82 0.00 
70 20.45 251.45 20.75 229.82 0.00 
69 21.59 255.09 21.90 229.82 0.00 
68 22.73 258.84 23.06 229.82 0.00 
67 23.86 262.71 24.22 229.82 0.00 
66 25.00 266.69 25.38 229.82 0.00 
65 26.14 270.79 26.54 229.82 0.00 
64 27.27 275.02 27.70 229.82 0.00 
63 28.41 279.39 28.86 229.82 0.00 
62 29.55 283.89 30.02 229.82 0.00 
61 30.68 288.55 31.18 229.82 0.00 
60 31.82 293.36 32.35 229.82 0.00 
59 32.95 298.33 33.51 229.82 0.00 
58 34.09 303.47 34.68 229.82 0.00 
57 35.23 308.80 35.85 229.82 0.00 
56 36.36 314.31 37.01 229.82 0.00 
55 37.50 320.02 38.18 229.82 0.00 
54 38.64 325.95 39.35 229.82 0.00 
53 39.77 332.10 40.52 229.82 0.00 
52 40.91 338.49 41.70 229.82 0.00 
51 42.05 345.12 42.87 229.82 0.00 
50 43.18 352.03 44.05 229.82 0.00 
49 44.32 359.21 45.22 229.82 0.00 
48 45.45 366.70 46.40 229.82 0.00 
47 46.59 374.50 47.58 229.82 0.00 
46 47.73 382.64 48.76 229.83 0.00 
45 48.86 391.14 49.95 229.83 0.00 
44 50.00 400.03 51.14 229.84 0.01 
(table cont’d…) 
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43 51.14 409.33 52.33 229.86 0.01 
42 52.27 419.08 53.52 229.88 0.01 
41 53.41 429.30 54.71 229.91 0.01 
40 54.55 440.03 55.91 229.98 0.03 
39 55.68 451.32 57.11 230.07 0.04 
38 56.82 463.19 58.31 230.21 0.06 
37 57.95 475.71 59.52 230.39 0.08 
36 59.09 488.93 60.73 230.61 0.10 
35 60.23 502.90 61.95 230.83 0.10 
34 61.36 517.69 63.17 231.10 0.11 
33 62.50 533.37 64.39 231.37 0.12 
32 63.64 550.04 65.63 232.06 0.30 
31 64.77 567.79 66.86 232.87 0.35 
30 65.91 586.71 68.11 233.86 0.43 
29 67.05 606.94 69.36 235.32 0.62 
28 68.18 628.62 70.62 237.54 0.94 
27 69.32 651.90 71.89 239.88 0.99 
26 70.45 676.98 73.16 242.31 1.01 
25 71.59 704.05 74.45 247.61 2.18 
24 72.73 733.39 75.76 253.93 2.55 
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Figure 11: Selected Stops Using DCPMP for the Bluebonnet Route 
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The minimum number of bus stops required to provide suitable access coverage 
according to DCPMP is p=23. From figure 10, in the extreme case of reducing the bus 
stops to p = 23, access increases to only 285.71 m on average, which is less than the 
accepted access distance standard of 400 m. From table 4, the total number of bus stops 
on Bluebonnet route could be reduced to 45 from 88 without any increase in average 
access distance. Also from table 2 it is clear that bus stops are very closely spaced, 
200.02 m on average for the current configuration. So there is a possibility of reducing 
the number of stops along the Bluebonnet route without large increase in the overall 
transit accessibility. 
4.3 The College Route 
Suitable access standard S, 400 m, buffers were drawn around the bus stops result 
in partial or complete coverage for 311 census blocks with total population of 10895. The 
associated problem dimensions of DCPMP were 21771 rows (constraints) and 21528 
columns (variables). DCPMP was solved for different p values, starting with p equal to 
69. Table 3 shows the tradeoffs between number of bus stops and average access distance 
to bus stops and the average bus stop spacing values for College route. College route 
length was approximately 7.18 miles and had 9.6 bus stops per mile, which is more than 
the standard number of stops per mile in US.  
From table 4 the current total of 69 bus stops could be reduced to59 without any 
increase in the average access distance. The minimum number of bus stops required to 
provide suitable access coverage according to DCPMP for college route is p=9 and 
access increases by 35.84% to only 392.99 m on average, which is less than the 
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% Increase in 
Average Bus 
Stop Spacing(m) 
69 0.00 232.88 0.00 173.62 0.00 
68 1.45 232.88 0.00 176.17 1.45 
67 2.90 232.88 0.00 178.80 2.90 
66 4.35 232.88 0.00 181.51 4.35 
65 5.80 232.88 0.00 184.30 5.80 
64 7.25 232.88 0.00 187.18 7.25 
63 8.70 232.88 0.00 190.15 8.70 
62 10.14 232.88 0.00 193.22 10.14 
61 11.59 232.88 0.00 196.39 11.59 
60 13.04 232.88 0.00 199.66 13.04 
59 14.49 232.88 0.00 203.04 14.49 
58 15.94 232.89 0.01 206.55 15.94 
57 17.39 232.90 0.01 210.17 17.39 
56 18.84 232.91 0.02 213.92 18.84 
55 20.29 232.93 0.02 217.81 20.29 
54 21.74 232.96 0.04 221.84 21.74 
53 23.19 233.01 0.06 226.03 23.19 
52 24.64 233.06 0.08 230.38 24.64 
51 26.09 233.12 0.11 234.89 26.09 
50 27.54 233.21 0.14 239.59 27.54 
49 28.99 233.30 0.18 244.48 28.99 
48 30.43 233.39 0.22 249.58 30.43 
47 31.88 233.50 0.27 254.89 31.88 
46 33.33 233.61 0.31 260.43 33.33 
45 34.78 233.77 0.38 266.21 34.78 
44 36.23 233.94 0.46 272.26 36.23 
43 37.68 234.12 0.53 278.60 37.68 
42 39.13 234.32 0.62 285.23 39.13 
41 40.58 234.54 0.71 292.19 40.58 
40 42.03 234.81 0.82 299.49 42.03 
39 43.48 235.10 0.95 307.17 43.48 
38 44.93 235.42 1.08 315.25 44.93 
37 46.38 235.81 1.24 323.77 46.38 
36 47.83 236.28 1.44 332.77 47.83 
35 49.28 236.83 1.67 342.27 49.28 
34 50.72 237.38 1.90 352.34 50.72 
33 52.17 238.01 2.16 363.02 52.17 
32 53.62 238.71 2.44 374.36 53.62 
31 55.07 239.59 2.80 386.44 55.07 
30 56.52 240.62 3.22 399.32 56.52 
29 57.97 241.69 3.65 413.09 57.97 
28 59.42 242.76 4.07 427.84 59.42 
27 60.87 243.96 4.54 443.69 60.87 
26 62.32 245.33 5.07 460.75 62.32 
25 63.77 246.89 5.68 479.18 63.77 
(table cont’d…) 
 49
24 65.22 248.56 6.31 499.15 65.22 
23 66.67 250.27 6.95 520.85 66.67 
22 68.12 252.16 7.65 544.53 68.12 
21 69.57 254.48 8.49 570.46 69.57 
20 71.01 257.01 9.39 598.98 71.01 
19 72.46 260.02 10.44 630.51 72.46 
18 73.91 263.05 11.47 665.53 73.91 
17 75.36 267.24 12.86 704.68 75.36 
16 76.81 272.67 14.59 748.73 76.81 
15 78.26 278.35 16.34 798.64 78.26 
14 79.71 287.26 18.93 855.69 79.71 
13 81.16 298.41 21.96 921.51 81.16 
12 82.61 310.35 24.96 998.30 82.61 
11 84.06 323.81 28.08 1089.06 84.06 
10 85.51 341.81 31.87 1197.96 85.51 
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Figure14: Selected Stops Using DCPMP for the College Route 
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spaced,173.62 m on average for the current configuration of bus stops. So there is a 
possibility of reducing the number of stops along the College route without increasing the 
transit accessibility beyond the acceptable standard.  
For all the routes there is a possibility of reduction in the number of bus stops 
according to DCPMP. This proves the hypothesis that there is a redundancy in the 
number of bus stops in the Capital Area Transit System. Efficiency of CATS can be 
increased and more ridership can be attracted by reducing the number of bus stops as 
suggested for each route.  
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Table 4. Bus stop reduction, Increase in Average Access Distance and Average Stop 
Spacing for all the Routes 
Route Bus Stops Average Access 
Distance (m) 






























































































































































Airline 191 31 71 269.50 344.23 165.72 1021.03 
Bluebonnet 88 23 45 229.82 285.71 200.02 765.28 
College 69 9 59 232.88 362.99 173.62 1331.07 
Fairfield 167 40 92 224.69 245.05 106.24 443.54 
Florida 129 23 73 268.08 366.85 204.37 1146.25 
Foster 73 18 62 238.79 314.74 267.76 1085.91 
Goodwood 124 26 92 255.62 354.09 234.34 1117.60 
Government 
Drusilla 
75 30 62 249.44 264.31 208.29 520.74 
GusYoung 63 18 45 215.49 244.16 97.53 341.35 
Harding 153 32 99 230.79 322.20 204.74 978.90 
Highland 113 47 86 229.35 244.74 285.42 686.22 
Plank 89 15 70 240.83 316.02 136.86 812.02 
Scotlandville 103 34 83 231.99 263.13 156.49 474.08 
Sherwood 
Siegen 
37 13 27 320.03 390.68 494.45 1407.28 
Thomas 
Delpit 
66 25 50 216.35 230.33 154.30 407.35 
Trolley 20 5 10 258.00 269.75 253.43 1013.73 
Downtown 40 16 24 229.68 237.61 197.84 494.60 
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CHAPTER 5: CONCLUSIONS 
5.1 Conclusions 
The Policy and code audit report for East Baton Rouge Parish and the City of 
Baton Rouge (2004), prepared by the Smart Growth Leadership Institute, recommends 
improving and expanding public transit service efficiency as an important element of the 
smart growth initiative. The Distance Constrained p-Median Problem (DCPMP) model 
was used in this study to find out the redundancy in the number of bus stops for each 
route in the Capital Area Transit System (CATS). DCPMP tries to reduce the current 
number of bus stops in order to promote faster transit speeds and greater geographic 
coverage with a limit on travel time. The DCPMP model also ensures that all areas that 
are provided suitable access by the current location of bus stops continue to receive 
suitable access.  
The study has proved the hypothesis that more than necessary bus stops are 
present in the Baton Rouge public transit system. Based on the bus stop spacing standard 
of 300-600 m it was found that the interpreted increase in average bus stop spacing for 
the suggested minimum number of bus stops along all the routes was 617.97 m.  It was 
found that on average for all the routes, about 74.68 % bus stops can be reduced for the 
400 m access standard. The suggested reduction in the number of bus stops will not 
sacrifice the current level of geographic coverage and would not increase the average 
access distance to bus stops beyond the accepted standard of 400 m. This study has 
shown that for all the routes that CATS serves a large number of bus stops can be 
reduced without increasing the transit access distance on average. The study has also 
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been successful in showing exactly how many bus stops are to be reduced along each 
route to increase transit speeds and reduce travel time. The study has shown that it is 
possible to increase the transit service performance while continuing to provide suitable 
access to transit services for people who are being currently served.   
5.2 Future Research 
Future research is needed to develop different and more accurate measures for 
estimating the target population for transit services and for evaluating the effects of using 
different population estimation measures on the performance of the DCPMP. 
 There is scope to increase the accuracy of the study by incorporating data at a 
finer aggregation level than the block level. For example, using parcel level data would 
provide detailed information about the exact location of population, which could then be 
used to calculate the distance between the demand (population location) and the service 
(bus stop location). Use a different measure, other than Euclidean distance, to measure 
the distance between population and the bus stops.   
Another future direction for extending this research would be to analyze changes 
in passenger activity and operating performance following implementation of a bus stop 
consolidation at CATS.  This could be done by making use of bus operations and 
passenger activity data. 
Similar studies could be done in much more detail with a different model like 
Route Directed-Distance Constrained p-Median Problem (RD-DCPMP) that takes into 
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167 0.00 224.69 0.00 106.24 0.00 
166 0.60 224.69 0.00 106.88 0.60 
165 1.20 224.69 0.00 107.53 1.20 
164 1.80 224.69 0.00 108.18 1.80 
163 2.40 224.69 0.00 108.84 2.40 
162 2.99 224.69 0.00 109.52 2.99 
161 3.59 224.69 0.00 110.20 3.59 
160 4.19 224.69 0.00 110.89 4.19 
159 4.79 224.69 0.00 111.58 4.79 
158 5.39 224.69 0.00 112.29 5.39 
157 5.99 224.69 0.00 113.00 5.99 
156 6.59 224.69 0.00 113.73 6.59 
155 7.19 224.69 0.00 114.46 7.19 
154 7.78 224.69 0.00 115.21 7.78 
153 8.38 224.69 0.00 115.96 8.38 
152 8.98 224.69 0.00 116.72 8.98 
151 9.58 224.69 0.00 117.49 9.58 
150 10.18 224.69 0.00 118.28 10.18 
149 10.78 224.69 0.00 119.07 10.78 
148 11.38 224.69 0.00 119.88 11.38 
147 11.98 224.69 0.00 120.69 11.98 
146 12.57 224.69 0.00 121.52 12.57 
145 13.17 224.69 0.00 122.36 13.17 
144 13.77 224.69 0.00 123.21 13.77 
143 14.37 224.69 0.00 124.07 14.37 
142 14.97 224.69 0.00 124.94 14.97 
141 15.57 224.69 0.00 125.83 15.57 
140 16.17 224.69 0.00 126.73 16.17 
139 16.77 224.69 0.00 127.64 16.77 
138 17.37 224.69 0.00 128.56 17.37 
137 17.96 224.69 0.00 129.50 17.96 
136 18.56 224.69 0.00 130.45 18.56 
135 19.16 224.69 0.00 131.42 19.16 
134 19.76 224.69 0.00 132.40 19.76 
133 20.36 224.69 0.00 133.40 20.36 
132 20.96 224.69 0.00 134.41 20.96 
131 21.56 224.69 0.00 135.43 21.56 
130 22.16 224.69 0.00 136.47 22.16 
129 22.75 224.69 0.00 137.53 22.75 
128 23.35 224.69 0.00 138.61 23.35 
127 23.95 224.69 0.00 139.70 23.95 
126 24.55 224.69 0.00 140.81 24.55 
125 25.15 224.69 0.00 141.93 25.15 
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124 25.75 224.69 0.00 143.08 25.75 
123 26.35 224.69 0.00 144.24 26.35 
122 26.95 224.69 0.00 145.42 26.95 
121 27.54 224.69 0.00 146.63 27.54 
120 28.14 224.69 0.00 147.85 28.14 
119 28.74 224.69 0.00 149.09 28.74 
118 29.34 224.69 0.00 150.35 29.34 
117 29.94 224.69 0.00 151.64 29.94 
116 30.54 224.69 0.00 152.95 30.54 
115 31.14 224.69 0.00 154.28 31.14 
114 31.74 224.69 0.00 155.63 31.74 
113 32.34 224.69 0.00 157.01 32.34 
112 32.93 224.69 0.00 158.41 32.93 
111 33.53 224.69 0.00 159.83 33.53 
110 34.13 224.69 0.00 161.29 34.13 
109 34.73 224.69 0.00 162.77 34.73 
108 35.33 224.69 0.00 164.27 35.33 
107 35.93 224.69 0.00 165.81 35.93 
106 36.53 224.69 0.00 167.37 36.53 
105 37.13 224.69 0.00 168.97 37.13 
104 37.72 224.69 0.00 170.59 37.72 
103 38.32 224.69 0.00 172.25 38.32 
102 38.92 224.69 0.00 173.94 38.92 
101 39.52 224.69 0.00 175.66 39.52 
100 40.12 224.69 0.00 177.42 40.12 
99 40.72 224.69 0.00 179.21 40.72 
98 41.32 224.69 0.00 181.04 41.32 
97 41.92 224.69 0.00 182.90 41.92 
96 42.51 224.69 0.00 184.81 42.51 
95 43.11 224.69 0.00 186.75 43.11 
94 43.71 224.69 0.00 188.74 43.71 
93 44.31 224.70 0.00 190.77 44.31 
92 44.91 224.70 0.00 192.84 44.91 
91 45.51 224.70 0.01 194.96 45.51 
90 46.11 224.70 0.01 197.13 46.11 
89 46.71 224.70 0.01 199.34 46.71 
88 47.31 224.71 0.01 201.61 47.31 
87 47.90 224.71 0.01 203.93 47.90 
86 48.50 224.71 0.01 206.30 48.50 
85 49.10 224.72 0.02 208.73 49.10 
84 49.70 224.73 0.02 211.21 49.70 
83 50.30 224.74 0.03 213.75 50.30 
82 50.90 224.75 0.03 216.36 50.90 
81 51.50 224.77 0.04 219.03 51.50 
80 52.10 224.79 0.04 221.77 52.10 
79 52.69 224.81 0.05 224.58 52.69 
78 53.29 224.84 0.07 227.46 53.29 
77 53.89 224.87 0.08 230.41 53.89 
76 54.49 224.90 0.10 233.44 54.49 
75 55.09 224.94 0.11 236.56 55.09 
74 55.69 224.99 0.13 239.75 55.69 
 62
73 56.29 225.04 0.16 243.04 56.29 
72 56.89 225.10 0.19 246.41 56.89 
71 57.49 225.19 0.22 249.88 57.49 
70 58.08 225.30 0.27 253.45 58.08 
69 58.68 225.42 0.33 257.13 58.68 
68 59.28 225.57 0.39 260.91 59.28 
67 59.88 225.72 0.46 264.80 59.88 
66 60.48 225.87 0.53 268.81 60.48 
65 61.08 226.07 0.62 272.95 61.08 
64 61.68 226.29 0.71 277.21 61.68 
63 62.28 226.52 0.82 281.61 62.28 
62 62.87 226.78 0.93 286.16 62.87 
61 63.47 227.05 1.05 290.85 63.47 
60 64.07 227.37 1.19 295.69 64.07 
59 64.67 227.73 1.36 300.71 64.67 
58 65.27 228.09 1.52 305.89 65.27 
57 65.87 228.51 1.70 311.26 65.87 
56 66.47 228.97 1.91 316.81 66.47 
55 67.07 229.44 2.12 322.58 67.07 
54 67.66 229.96 2.35 328.55 67.66 
53 68.26 230.51 2.59 334.75 68.26 
52 68.86 231.08 2.85 341.19 68.86 
51 69.46 231.70 3.12 347.88 69.46 
50 70.06 232.34 3.41 354.83 70.06 
49 70.66 233.17 3.78 362.07 70.66 
48 71.26 234.04 4.16 369.62 71.26 
47 71.86 234.97 4.57 377.48 71.86 
46 72.46 236.09 5.08 385.69 72.46 
45 73.05 237.26 5.59 394.26 73.05 
44 73.65 238.44 6.12 403.22 73.65 
43 74.25 239.66 6.66 412.60 74.25 
42 74.85 241.33 7.41 422.42 74.85 
41 75.45 243.13 8.21 432.72 75.45 
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0 1 2 3 40.5
Miles
3!( Census Block Centroids!. Bus StopsFlorida Route
400 meter Buffer
Census Blocks with Transit Access
Census Blocks  






















% Change in 
Average Bus Stop 
Spacing 
129 0.00 268.08 0.00 204.37 0.00 
128 0.78 268.08 0.00 205.97 0.78 
127 1.55 268.08 0.00 207.59 1.55 
126 2.33 268.08 0.00 209.24 2.33 
125 3.10 268.08 0.00 210.91 3.10 
124 3.88 268.08 0.00 212.61 3.88 
123 4.65 268.08 0.00 214.34 4.65 
122 5.43 268.08 0.00 216.10 5.43 
121 6.20 268.08 0.00 217.88 6.20 
120 6.98 268.08 0.00 219.70 6.98 
119 7.75 268.08 0.00 221.54 7.75 
118 8.53 268.08 0.00 223.42 8.53 
117 9.30 268.08 0.00 225.33 9.30 
116 10.08 268.08 0.00 227.27 10.08 
115 10.85 268.08 0.00 229.25 10.85 
114 11.63 268.08 0.00 231.26 11.63 
113 12.40 268.08 0.00 233.31 12.40 
112 13.18 268.08 0.00 235.39 13.18 
111 13.95 268.08 0.00 237.51 13.95 
110 14.73 268.08 0.00 239.67 14.73 
109 15.50 268.08 0.00 241.87 15.50 
108 16.28 268.08 0.00 244.11 16.28 
107 17.05 268.08 0.00 246.39 17.05 
106 17.83 268.08 0.00 248.71 17.83 
105 18.60 268.08 0.00 251.08 18.60 
104 19.38 268.08 0.00 253.50 19.38 
103 20.16 268.08 0.00 255.96 20.16 
102 20.93 268.08 0.00 258.47 20.93 
101 21.71 268.08 0.00 261.03 21.71 
100 22.48 268.08 0.00 263.64 22.48 
99 23.26 268.08 0.00 266.30 23.26 
98 24.03 268.08 0.00 269.02 24.03 
97 24.81 268.08 0.00 271.79 24.81 
96 25.58 268.08 0.00 274.62 25.58 
95 26.36 268.08 0.00 277.51 26.36 
94 27.13 268.08 0.00 280.47 27.13 
93 27.91 268.08 0.00 283.48 27.91 
92 28.68 268.08 0.00 286.56 28.68 
91 29.46 268.08 0.00 289.71 29.46 
90 30.23 268.08 0.00 292.93 30.23 
89 31.01 268.08 0.00 296.22 31.01 
88 31.78 268.08 0.00 299.59 31.78 
87 32.56 268.08 0.00 303.03 32.56 
86 33.33 268.08 0.00 306.56 33.33 
 65
85 34.11 268.08 0.00 310.16 34.11 
84 34.88 268.08 0.00 313.85 34.88 
83 35.66 268.08 0.00 317.64 35.66 
82 36.43 268.08 0.00 321.51 36.43 
81 37.21 268.08 0.00 325.48 37.21 
80 37.98 268.08 0.00 329.55 37.98 
79 38.76 268.08 0.00 333.72 38.76 
78 39.53 268.08 0.00 338.00 39.53 
77 40.31 268.08 0.00 342.39 40.31 
76 41.09 268.09 0.00 346.89 41.09 
75 41.86 268.09 0.00 351.52 41.86 
74 42.64 268.09 0.00 356.27 42.64 
73 43.41 268.10 0.00 361.15 43.41 
72 44.19 268.11 0.01 366.16 44.19 
71 44.96 268.12 0.01 371.32 44.96 
70 45.74 268.13 0.02 376.63 45.74 
69 46.51 268.16 0.03 382.08 46.51 
68 47.29 268.18 0.04 387.70 47.29 
67 48.06 268.20 0.04 393.49 48.06 
66 48.84 268.23 0.06 399.45 48.84 
65 49.61 268.27 0.07 405.60 49.61 
64 50.39 268.31 0.09 411.93 50.39 
63 51.16 268.36 0.10 418.47 51.16 
62 51.94 268.42 0.13 425.22 51.94 
61 52.71 268.51 0.16 432.19 52.71 
60 53.49 268.63 0.20 439.40 53.49 
59 54.26 268.78 0.26 446.84 54.26 
58 55.04 268.94 0.32 454.55 55.04 
57 55.81 269.12 0.39 462.52 55.81 
56 56.59 269.33 0.46 470.78 56.59 
55 57.36 269.58 0.55 479.34 57.36 
54 58.14 269.84 0.65 488.22 58.14 
53 58.91 270.12 0.75 497.43 58.91 
52 59.69 270.45 0.88 507.00 59.69 
51 60.47 270.79 1.00 516.94 60.47 
50 61.24 271.30 1.19 527.28 61.24 
49 62.02 271.86 1.39 538.04 62.02 
48 62.79 272.43 1.60 549.25 62.79 
47 63.57 273.06 1.82 560.93 63.57 
46 64.34 273.83 2.10 573.13 64.34 
45 65.12 274.73 2.42 585.86 65.12 
44 65.89 275.67 2.75 599.18 65.89 
43 66.67 276.63 3.09 613.11 66.67 
42 67.44 277.59 3.43 627.71 67.44 
41 68.22 278.67 3.80 643.02 68.22 
40 68.99 279.83 4.20 659.09 68.99 
39 69.77 281.03 4.60 675.99 69.77 
38 70.54 282.24 5.01 693.78 70.54 
37 71.32 283.48 5.43 712.53 71.32 
36 72.09 284.89 5.90 732.33 72.09 
35 72.87 286.69 6.49 753.25 72.87 
 66
34 73.64 288.50 7.08 775.41 73.64 
33 74.42 290.53 7.73 798.90 74.42 
32 75.19 292.64 8.39 823.87 75.19 
31 75.97 294.98 9.12 850.44 75.97 
30 76.74 298.77 10.27 878.79 76.74 
29 77.52 302.99 11.52 909.10 77.52 
28 78.29 307.49 12.82 941.56 78.29 
27 79.07 314.34 14.72 976.44 79.07 
26 79.84 322.82 16.96 1013.99 79.84 
25 80.62 331.37 19.10 1054.55 80.62 
24 81.40 341.84 21.58 1098.49 81.40 
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0 0.5 1 1.5 20.25
Miles
.!( Census Block Centroids!. Bus stopsFoster Route
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% Increase in 
Average Bus 
Stop Spacing 
73 0.00 238.79 0.00 267.76 0.00 
72 1.37 238.79 0.00 271.48 1.37 
71 2.74 238.79 0.00 275.30 2.74 
70 4.11 238.79 0.00 279.23 4.11 
69 5.48 238.79 0.00 283.28 5.48 
68 6.85 238.79 0.00 287.45 6.85 
67 8.22 238.79 0.00 291.74 8.22 
66 9.59 238.79 0.00 296.16 9.59 
65 10.96 238.79 0.00 300.71 10.96 
64 12.33 238.79 0.00 305.41 12.33 
63 13.70 238.79 0.00 310.26 13.70 
62 15.07 238.80 0.00 315.27 15.07 
61 16.44 238.81 0.01 320.43 16.44 
60 17.81 238.82 0.01 325.77 17.81 
59 19.18 238.84 0.02 331.30 19.18 
58 20.55 238.90 0.04 337.01 20.55 
57 21.92 239.01 0.09 342.92 21.92 
56 23.29 239.13 0.14 349.04 23.29 
55 24.66 239.25 0.19 355.39 24.66 
54 26.03 239.38 0.25 361.97 26.03 
53 27.40 239.53 0.31 368.80 27.40 
52 28.77 239.74 0.39 375.89 28.77 
51 30.14 240.00 0.50 383.26 30.14 
50 31.51 240.30 0.63 390.93 31.51 
49 32.88 240.60 0.75 398.91 32.88 
48 34.25 241.02 0.92 407.22 34.25 
47 35.62 241.45 1.10 415.88 35.62 
46 36.99 241.90 1.28 424.92 36.99 
45 38.36 242.39 1.48 434.37 38.36 
44 39.73 243.04 1.75 444.24 39.73 
43 41.10 243.70 2.02 454.57 41.10 
42 42.47 244.46 2.32 465.39 42.47 
41 43.84 245.26 2.64 476.74 43.84 
40 45.21 246.14 2.98 488.66 45.21 
39 46.58 247.03 3.34 501.19 46.58 
38 47.95 247.94 3.69 514.38 47.95 
37 49.32 248.92 4.07 528.28 49.32 
36 50.68 249.99 4.48 542.96 50.68 
35 52.05 251.09 4.90 558.47 52.05 
34 53.42 252.22 5.32 574.90 53.42 
33 54.79 253.58 5.83 592.32 54.79 
32 56.16 255.05 6.37 610.83 56.16 
31 57.53 256.75 6.99 630.53 57.53 
30 58.90 258.92 7.77 651.55 58.90 
29 60.27 261.37 8.64 674.02 60.27 
 69
28 61.64 263.84 9.49 698.09 61.64 
27 63.01 266.66 10.45 723.94 63.01 
26 64.38 269.53 11.40 751.79 64.38 
25 65.75 272.67 12.42 781.86 65.75 
24 67.12 276.48 13.63 814.43 67.12 
23 68.49 281.18 15.07 849.85 68.49 
22 69.86 285.88 16.47 888.47 69.86 
21 71.23 290.58 17.82 930.78 71.23 
20 72.60 296.49 19.46 977.32 72.60 
19 73.97 303.71 21.37 1028.76 73.97 
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Census Blocks with Transit Access
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Figure 5: Transit Access Coverage for the Goodwood route 
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% Increase in 
Average Bus 
Spacing 
124 0.00 255.62 0.00 234.34 0.00 
123 0.81 255.62 0.00 236.24 0.82 
122 1.61 255.62 0.00 238.18 1.63 
121 2.42 255.62 0.00 240.15 2.43 
120 3.23 255.62 0.00 242.15 3.24 
119 4.03 255.62 0.00 244.18 4.05 
118 4.84 255.62 0.00 246.25 4.85 
117 5.65 255.62 0.00 248.36 5.66 
116 6.45 255.62 0.00 250.50 6.47 
115 7.26 255.62 0.00 252.68 7.27 
114 8.06 255.62 0.00 254.89 8.08 
113 8.87 255.62 0.00 257.15 8.89 
112 9.68 255.62 0.00 259.44 9.69 
111 10.48 255.62 0.00 261.78 10.50 
110 11.29 255.62 0.00 264.16 11.30 
109 12.10 255.62 0.00 266.58 12.11 
108 12.90 255.62 0.00 269.05 12.92 
107 13.71 255.62 0.00 271.57 13.72 
106 14.52 255.62 0.00 274.13 14.53 
105 15.32 255.62 0.00 276.74 15.34 
104 16.13 255.62 0.00 279.40 16.14 
103 16.94 255.62 0.00 282.11 16.95 
102 17.74 255.62 0.00 284.88 17.75 
101 18.55 255.62 0.00 287.70 18.56 
100 19.35 255.62 0.00 290.58 19.37 
99 20.16 255.62 0.00 293.51 20.17 
98 20.97 255.62 0.00 296.51 20.98 
97 21.77 255.62 0.00 299.56 21.79 
96 22.58 255.62 0.00 302.68 22.59 
95 23.39 255.62 0.00 305.87 23.40 
94 24.19 255.63 0.00 309.12 24.21 
93 25.00 255.63 0.00 312.45 25.01 
92 25.81 255.63 0.00 315.84 25.82 
91 26.61 255.64 0.01 319.32 26.62 
90 27.42 255.64 0.01 322.86 27.43 
89 28.23 255.64 0.01 326.49 28.24 
88 29.03 255.65 0.01 330.20 29.04 
87 29.84 255.65 0.01 334.00 29.85 
86 30.65 255.66 0.01 337.88 30.66 
85 31.45 255.66 0.02 341.86 31.46 
84 32.26 255.67 0.02 345.93 32.27 
83 33.06 255.68 0.02 350.09 33.07 
82 33.87 255.69 0.03 354.36 33.88 
81 34.68 255.70 0.03 358.74 34.69 
80 35.48 255.71 0.03 363.22 35.49 
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79 36.29 255.73 0.04 367.82 36.30 
78 37.10 255.75 0.05 372.53 37.11 
77 37.90 255.79 0.07 377.37 37.91 
76 38.71 255.83 0.08 382.34 38.72 
75 39.52 255.88 0.10 387.44 39.53 
74 40.32 255.94 0.12 392.67 40.33 
73 41.13 256.02 0.15 398.05 41.14 
72 41.94 256.09 0.18 403.58 41.94 
71 42.74 256.18 0.22 409.26 42.75 
70 43.55 256.28 0.26 415.11 43.56 
69 44.35 256.37 0.29 421.13 44.36 
68 45.16 256.48 0.33 427.32 45.17 
67 45.97 256.59 0.38 433.70 45.98 
66 46.77 256.72 0.43 440.27 46.78 
65 47.58 256.86 0.48 447.04 47.59 
64 48.39 257.04 0.55 454.03 48.40 
63 49.19 257.22 0.62 461.23 49.20 
62 50.00 257.46 0.71 468.67 50.01 
61 50.81 257.73 0.82 476.36 50.81 
60 51.61 258.01 0.93 484.30 51.62 
59 52.42 258.33 1.05 492.50 52.43 
58 53.23 258.66 1.17 501.00 53.23 
57 54.03 259.02 1.31 509.78 54.04 
56 54.84 259.42 1.46 518.89 54.85 
55 55.65 259.83 1.62 528.32 55.65 
54 56.45 260.29 1.79 538.11 56.46 
53 57.26 260.89 2.02 548.26 57.26 
52 58.06 261.57 2.27 558.80 58.07 
51 58.87 262.30 2.54 569.76 58.88 
50 59.68 263.02 2.81 581.15 59.68 
49 60.48 263.86 3.12 593.01 60.49 
48 61.29 264.76 3.45 605.37 61.30 
47 62.10 265.70 3.79 618.25 62.10 
46 62.90 266.76 4.18 631.69 62.91 
45 63.71 267.85 4.56 645.73 63.72 
44 64.52 268.97 4.96 660.40 64.52 
43 65.32 270.21 5.40 675.76 65.33 
42 66.13 271.54 5.86 691.85 66.13 
41 66.94 273.02 6.37 708.73 66.94 
40 67.74 274.80 6.98 726.44 67.75 
39 68.55 276.62 7.59 745.07 68.55 
38 69.35 278.61 8.25 764.68 69.36 
37 70.16 281.02 9.04 785.34 70.17 
36 70.97 283.43 9.81 807.16 70.97 
35 71.77 285.91 10.59 830.22 71.78 
34 72.58 289.35 11.66 854.64 72.58 
33 73.39 293.39 12.87 880.54 73.39 
32 74.19 297.59 14.10 908.05 74.20 
31 75.00 302.94 15.62 937.35 75.00 
30 75.81 308.68 17.19 968.59 75.81 
29 76.61 314.45 18.71 1001.99 76.62 
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28 77.42 321.07 20.38 1037.78 77.42 
27 78.23 337.24 24.20 1076.21 78.23 
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75 0.00 249.44 0.00 208.29 0.00 
74 1.33 249.44 0.00 211.11 1.33 
73 2.67 249.44 0.00 214.00 2.66 
72 4.00 249.44 0.00 216.97 4.00 
71 5.33 249.44 0.00 220.03 5.33 
70 6.67 249.44 0.00 223.17 6.66 
69 8.00 249.44 0.00 226.41 8.00 
68 9.33 249.44 0.00 229.74 9.33 
67 10.67 249.44 0.00 233.17 10.66 
66 12.00 249.44 0.00 236.70 12.00 
65 13.33 249.44 0.00 240.34 13.33 
64 14.67 249.45 0.00 244.10 14.66 
63 16.00 249.45 0.00 247.97 16.00 
62 17.33 249.45 0.00 251.97 17.33 
61 18.67 249.46 0.01 256.10 18.66 
60 20.00 249.47 0.01 260.37 20.00 
59 21.33 249.47 0.01 264.78 21.33 
58 22.67 249.48 0.02 269.35 22.66 
57 24.00 249.50 0.02 274.07 24.00 
56 25.33 249.53 0.04 278.97 25.33 
55 26.67 249.57 0.05 284.04 26.66 
54 28.00 249.63 0.08 289.30 28.00 
53 29.33 249.72 0.11 294.76 29.33 
52 30.67 249.82 0.15 300.42 30.66 
51 32.00 249.91 0.19 306.32 32.00 
50 33.33 250.04 0.24 312.44 33.33 
49 34.67 250.19 0.30 318.82 34.66 
48 36.00 250.39 0.38 325.46 36.00 
47 37.33 250.60 0.46 332.38 37.33 
46 38.67 250.88 0.57 339.61 38.67 
45 40.00 251.17 0.69 347.16 40.00 
44 41.33 251.47 0.80 355.05 41.33 
43 42.67 251.79 0.93 363.30 42.67 
42 44.00 252.12 1.06 371.95 44.00 
41 45.33 252.51 1.22 381.03 45.33 
40 46.67 253.00 1.41 390.55 46.67 
39 48.00 253.58 1.63 400.57 48.00 
38 49.33 254.26 1.90 411.11 49.33 
37 50.67 254.98 2.17 422.22 50.67 
36 52.00 255.88 2.52 433.95 52.00 
35 53.33 256.79 2.86 446.35 53.33 
34 54.67 257.80 3.24 459.47 54.67 
33 56.00 258.84 3.63 473.40 56.00 
32 57.33 260.52 4.25 488.19 57.33 
31 58.67 262.21 4.87 503.94 58.67 
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Figure 6: Transit Access Coverage for the GusYoung route 
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% Increase in 
Bus Stop 
Spacing 
63 0.00 215.49 0.00 97.53 0.00 
62 1.59 215.49 0.00 99.10 1.62 
61 3.17 215.49 0.00 100.73 3.20 
60 4.76 215.49 0.00 102.41 4.79 
59 6.35 215.49 0.00 104.14 6.38 
58 7.94 215.49 0.00 105.94 7.96 
57 9.52 215.49 0.00 107.80 9.55 
56 11.11 215.49 0.00 109.72 11.14 
55 12.70 215.49 0.00 111.72 12.72 
54 14.29 215.49 0.00 113.78 14.31 
53 15.87 215.49 0.00 115.93 15.90 
52 17.46 215.49 0.00 118.16 17.49 
51 19.05 215.49 0.00 120.48 19.07 
50 20.63 215.49 0.00 122.89 20.66 
49 22.22 215.49 0.00 125.40 22.25 
48 23.81 215.49 0.00 128.01 23.83 
47 25.40 215.49 0.00 130.73 25.42 
46 26.98 215.49 0.00 133.57 27.01 
45 28.57 215.50 0.00 136.54 28.59 
44 30.16 215.50 0.01 139.64 30.18 
43 31.75 215.50 0.01 142.89 31.77 
42 33.33 215.51 0.01 146.29 33.35 
41 34.92 215.52 0.02 149.86 34.94 
40 36.51 215.54 0.02 153.61 36.53 
39 38.10 215.55 0.03 157.55 38.11 
38 39.68 215.58 0.04 161.69 39.70 
37 41.27 215.61 0.06 166.06 41.29 
36 42.86 215.67 0.08 170.68 42.87 
35 44.44 215.74 0.12 175.55 44.46 
34 46.03 215.82 0.15 180.72 46.05 
33 47.62 215.92 0.20 186.19 47.63 
32 49.21 216.03 0.25 192.01 49.22 
31 50.79 216.14 0.30 198.21 50.81 
30 52.38 216.27 0.36 204.81 52.40 
29 53.97 216.48 0.46 211.87 53.98 
28 55.56 216.70 0.56 219.44 55.57 
27 57.14 216.93 0.66 227.57 57.16 
26 58.73 217.17 0.77 236.32 58.74 
25 60.32 217.88 1.10 245.77 60.33 
24 61.90 218.65 1.45 256.02 61.92 
23 63.49 219.62 1.88 267.15 63.50 
22 65.08 220.66 2.34 279.29 65.09 
21 66.67 221.82 2.86 292.59 66.68 
20 68.25 224.21 3.89 307.22 68.26 
19 69.84 228.36 5.64 323.39 69.85 
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Miles
©!( Census Block Centroid!. Bus Stops
Harding Route
400 meter Buffer
Blocks with Transit Access
Census Blocks  
Figure 7: Transit Access Coverage for the Harding route 
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in Bus Stop 
Spacing 
153 0.00 230.79 0.00 204.74 0.00 
152 0.65 230.79 0.00 206.08 0.65 
151 1.31 230.79 0.00 207.45 1.31 
150 1.96 230.79 0.00 208.83 1.96 
149 2.61 230.79 0.00 210.23 2.61 
148 3.27 230.79 0.00 211.65 3.27 
147 3.92 230.79 0.00 213.09 3.92 
146 4.58 230.79 0.00 214.55 4.57 
145 5.23 230.79 0.00 216.03 5.23 
144 5.88 230.79 0.00 217.53 5.88 
143 6.54 230.79 0.00 219.05 6.53 
142 7.19 230.79 0.00 220.60 7.19 
141 7.84 230.79 0.00 222.16 7.84 
140 8.50 230.79 0.00 223.75 8.50 
139 9.15 230.79 0.00 225.36 9.15 
138 9.80 230.79 0.00 226.99 9.80 
137 10.46 230.79 0.00 228.65 10.46 
136 11.11 230.79 0.00 230.33 11.11 
135 11.76 230.79 0.00 232.04 11.76 
134 12.42 230.79 0.00 233.77 12.42 
133 13.07 230.79 0.00 235.52 13.07 
132 13.73 230.79 0.00 237.31 13.72 
131 14.38 230.79 0.00 239.12 14.38 
130 15.03 230.79 0.00 240.96 15.03 
129 15.69 230.79 0.00 242.83 15.69 
128 16.34 230.79 0.00 244.73 16.34 
127 16.99 230.79 0.00 246.65 16.99 
126 17.65 230.79 0.00 248.61 17.65 
125 18.30 230.79 0.00 250.60 18.30 
124 18.95 230.79 0.00 252.62 18.95 
123 19.61 230.79 0.00 254.67 19.61 
122 20.26 230.79 0.00 256.76 20.26 
121 20.92 230.79 0.00 258.88 20.91 
120 21.57 230.79 0.00 261.04 21.57 
119 22.22 230.79 0.00 263.23 22.22 
118 22.88 230.79 0.00 265.46 22.87 
117 23.53 230.79 0.00 267.73 23.53 
116 24.18 230.79 0.00 270.04 24.18 
115 24.84 230.79 0.00 272.39 24.84 
114 25.49 230.79 0.00 274.78 25.49 
113 26.14 230.79 0.00 277.21 26.14 
112 26.80 230.79 0.00 279.69 26.80 
111 27.45 230.79 0.00 282.21 27.45 
110 28.10 230.79 0.00 284.77 28.10 
109 28.76 230.79 0.00 287.38 28.76 
108 29.41 230.79 0.00 290.04 29.41 
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107 30.07 230.79 0.00 292.76 30.06 
106 30.72 230.79 0.00 295.52 30.72 
105 31.37 230.79 0.00 298.33 31.37 
104 32.03 230.79 0.00 301.20 32.03 
103 32.68 230.79 0.00 304.12 32.68 
102 33.33 230.79 0.00 307.11 33.33 
101 33.99 230.79 0.00 310.15 33.99 
100 34.64 230.80 0.00 313.25 34.64 
99 35.29 230.80 0.00 316.41 35.29 
98 35.95 230.81 0.01 319.64 35.95 
97 36.60 230.82 0.01 322.94 36.60 
96 37.25 230.84 0.02 326.30 37.25 
95 37.91 230.87 0.03 329.73 37.91 
94 38.56 230.90 0.05 333.24 38.56 
93 39.22 230.93 0.06 336.83 39.21 
92 39.87 230.98 0.08 340.49 39.87 
91 40.52 231.02 0.10 344.23 40.52 
90 41.18 231.06 0.12 348.05 41.18 
89 41.83 231.11 0.14 351.96 41.83 
88 42.48 231.17 0.17 355.96 42.48 
87 43.14 231.24 0.19 360.06 43.14 
86 43.79 231.33 0.23 364.24 43.79 
85 44.44 231.44 0.28 368.53 44.44 
84 45.10 231.54 0.33 372.91 45.10 
83 45.75 231.66 0.37 377.41 45.75 
82 46.41 231.78 0.43 382.01 46.40 
81 47.06 231.92 0.49 386.73 47.06 
80 47.71 232.08 0.56 391.56 47.71 
79 48.37 232.24 0.62 396.52 48.37 
78 49.02 232.42 0.70 401.60 49.02 
77 49.67 232.61 0.78 406.82 49.67 
76 50.33 232.81 0.86 412.17 50.33 
75 50.98 233.01 0.95 417.66 50.98 
74 51.63 233.32 1.08 423.31 51.63 
73 52.29 233.63 1.21 429.11 52.29 
72 52.94 233.95 1.35 435.07 52.94 
71 53.59 234.27 1.49 441.19 53.59 
70 54.25 234.60 1.62 447.50 54.25 
69 54.90 234.94 1.77 453.98 54.90 
68 55.56 235.29 1.91 460.66 55.55 
67 56.21 235.67 2.07 467.53 56.21 
66 56.86 236.13 2.26 474.62 56.86 
65 57.52 236.60 2.45 481.92 57.52 
64 58.17 237.13 2.67 489.45 58.17 
63 58.82 237.68 2.90 497.22 58.82 
62 59.48 238.28 3.14 505.24 59.48 
61 60.13 238.92 3.40 513.52 60.13 
60 60.78 239.57 3.67 522.08 60.78 
59 61.44 240.23 3.93 530.93 61.44 
58 62.09 240.91 4.20 540.08 62.09 
57 62.75 241.66 4.50 549.56 62.74 
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56 63.40 242.57 4.86 559.37 63.40 
55 64.05 243.49 5.22 569.54 64.05 
54 64.71 244.66 5.67 580.09 64.71 
53 65.36 245.83 6.12 591.03 65.36 
52 66.01 247.17 6.63 602.40 66.01 
51 66.67 248.58 7.15 614.21 66.67 
50 67.32 250.00 7.68 626.50 67.32 
49 67.97 251.49 8.23 639.28 67.97 
48 68.63 253.19 8.85 652.60 68.63 
47 69.28 255.00 9.49 666.49 69.28 
46 69.93 256.89 10.16 680.97 69.93 
45 70.59 258.86 10.84 696.11 70.59 
44 71.24 261.04 11.59 711.93 71.24 
43 71.90 263.49 12.41 728.48 71.90 
42 72.55 265.98 13.23 745.83 72.55 
41 73.20 268.59 14.07 764.02 73.20 
40 73.86 271.54 15.01 783.12 73.86 
39 74.51 274.86 16.03 803.20 74.51 
38 75.16 278.81 17.22 824.34 75.16 
37 75.82 282.98 18.44 846.62 75.82 
36 76.47 287.32 19.68 870.13 76.47 
35 77.12 293.36 21.33 894.99 77.12 
34 77.78 299.94 23.05 921.32 77.78 
33 78.43 307.81 25.02 949.24 78.43 
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0 0.75 1.5 2.25 30.375
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.




Blocks with Transit Access
Census Block Boundary
 

























% Increase in 
Average Bus 
Stop Spacing 
113 0.00 229.35 0.00 285.42 0.00 
112 0.88 229.35 0.00 287.97 0.88 
111 1.77 229.35 0.00 290.56 1.77 
110 2.65 229.35 0.00 293.20 2.65 
109 3.54 229.35 0.00 295.89 3.54 
108 4.42 229.35 0.00 298.63 4.42 
107 5.31 229.35 0.00 301.42 5.31 
106 6.19 229.35 0.00 304.27 6.19 
105 7.08 229.35 0.00 307.16 7.08 
104 7.96 229.35 0.00 310.12 7.96 
103 8.85 229.35 0.00 313.13 8.85 
102 9.73 229.35 0.00 316.20 9.73 
101 10.62 229.35 0.00 319.33 10.62 
100 11.50 229.35 0.00 322.52 11.50 
99 12.39 229.35 0.00 325.78 12.39 
98 13.27 229.35 0.00 329.10 13.27 
97 14.16 229.35 0.00 332.50 14.16 
96 15.04 229.35 0.00 335.96 15.04 
95 15.93 229.35 0.00 339.50 15.93 
94 16.81 229.35 0.00 343.11 16.81 
93 17.70 229.35 0.00 346.80 17.70 
92 18.58 229.35 0.00 350.57 18.58 
91 19.47 229.35 0.00 354.42 19.47 
90 20.35 229.35 0.00 358.36 20.35 
89 21.24 229.36 0.00 362.38 21.24 
88 22.12 229.36 0.00 366.50 22.12 
87 23.01 229.36 0.00 370.71 23.01 
86 23.89 229.36 0.00 375.03 23.89 
85 24.78 229.37 0.01 379.44 24.78 
84 25.66 229.37 0.01 383.95 25.66 
83 26.55 229.38 0.01 388.58 26.55 
82 27.43 229.39 0.01 393.32 27.43 
81 28.32 229.40 0.02 398.17 28.32 
80 29.20 229.41 0.02 403.15 29.20 
79 30.09 229.42 0.03 408.26 30.09 
78 30.97 229.44 0.04 413.49 30.97 
77 31.86 229.46 0.04 418.86 31.86 
76 32.74 229.48 0.06 424.37 32.74 
75 33.63 229.51 0.07 430.03 33.63 
74 34.51 229.54 0.08 435.84 34.51 
73 35.40 229.59 0.10 441.81 35.40 
72 36.28 229.66 0.13 447.95 36.28 
 86
71 37.17 229.73 0.16 454.26 37.17 
70 38.05 229.82 0.20 460.75 38.05 
69 38.94 229.91 0.24 467.42 38.94 
68 39.82 230.01 0.28 474.30 39.82 
67 40.71 230.15 0.34 481.38 40.71 
66 41.59 230.33 0.42 488.67 41.59 
65 42.48 230.52 0.50 496.19 42.48 
64 43.36 230.71 0.59 503.94 43.36 
63 44.25 230.92 0.68 511.94 44.25 
62 45.13 231.16 0.78 520.20 45.13 
61 46.02 231.42 0.89 528.72 46.02 
60 46.90 231.77 1.04 537.54 46.90 
59 47.79 232.13 1.20 546.65 47.79 
58 48.67 232.52 1.36 556.07 48.67 
57 49.56 232.91 1.53 565.83 49.56 
56 50.44 233.30 1.69 575.93 50.44 
55 51.33 233.80 1.90 586.40 51.33 
54 52.21 234.31 2.11 597.26 52.21 
53 53.10 234.84 2.34 608.53 53.10 
52 53.98 235.41 2.57 620.23 53.98 
51 54.87 235.98 2.81 632.40 54.87 
50 55.75 236.91 3.19 645.04 55.75 
49 56.64 238.05 3.65 658.21 56.64 
48 57.52 240.35 4.57 671.92 57.52 
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% Increase in 
Average Bus 
Stop Spacing 
89 0.00 240.83 0.00 136.86 0.00 
88 1.12 240.83 0.00 138.41 1.12 
87 2.25 240.83 0.00 140.00 2.25 
86 3.37 240.83 0.00 141.63 3.37 
85 4.49 240.83 0.00 143.30 4.49 
84 5.62 240.83 0.00 145.00 5.62 
83 6.74 240.83 0.00 146.75 6.74 
82 7.87 240.83 0.00 148.54 7.86 
81 8.99 240.83 0.00 150.37 8.99 
80 10.11 240.83 0.00 152.25 10.11 
79 11.24 240.83 0.00 154.18 11.23 
78 12.36 240.83 0.00 156.16 12.36 
77 13.48 240.83 0.00 158.19 13.48 
76 14.61 240.83 0.00 160.27 14.61 
75 15.73 240.83 0.00 162.40 15.73 
74 16.85 240.83 0.00 164.60 16.85 
73 17.98 240.83 0.00 166.85 17.98 
72 19.10 240.84 0.00 169.17 19.10 
71 20.22 240.84 0.00 171.55 20.22 
70 21.35 240.84 0.00 174.00 21.35 
69 22.47 240.85 0.01 176.53 22.47 
68 23.60 240.85 0.01 179.12 23.59 
67 24.72 240.87 0.02 181.80 24.72 
66 25.84 240.90 0.03 184.55 25.84 
65 26.97 240.93 0.04 187.39 26.97 
64 28.09 240.96 0.06 190.32 28.09 
63 29.21 241.01 0.07 193.34 29.21 
62 30.34 241.06 0.10 196.46 30.34 
61 31.46 241.13 0.12 199.68 31.46 
60 32.58 241.20 0.15 203.01 32.58 
59 33.71 241.28 0.19 206.45 33.71 
58 34.83 241.37 0.22 210.01 34.83 
57 35.96 241.47 0.26 213.69 35.95 
56 37.08 241.57 0.31 217.51 37.08 
55 38.20 241.68 0.35 221.46 38.20 
54 39.33 241.79 0.40 225.56 39.32 
53 40.45 241.91 0.45 229.82 40.45 
52 41.57 242.07 0.51 234.24 41.57 
51 42.70 242.25 0.59 238.83 42.70 
50 43.82 242.43 0.66 243.61 43.82 
49 44.94 242.63 0.74 248.58 44.94 
48 46.07 242.91 0.86 253.76 46.07 
47 47.19 243.25 0.99 259.16 47.19 
46 48.31 243.59 1.13 264.79 48.31 
45 49.44 243.59 1.13 270.67 49.44 
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44 50.56 244.30 1.42 276.83 50.56 
43 51.69 244.67 1.57 283.26 51.68 
42 52.81 245.20 1.78 290.01 52.81 
41 53.93 245.78 2.01 297.08 53.93 
40 55.06 246.40 2.26 304.51 55.06 
39 56.18 247.04 2.52 312.32 56.18 
38 57.30 247.74 2.79 320.54 57.30 
37 58.43 248.47 3.07 329.20 58.43 
36 59.55 249.21 3.36 338.34 59.55 
35 60.67 250.02 3.68 348.01 60.67 
34 61.80 250.94 4.03 358.25 61.80 
33 62.92 251.99 4.43 369.10 62.92 
32 64.04 253.09 4.84 380.64 64.04 
31 65.17 254.36 5.32 392.91 65.17 
30 66.29 255.84 5.87 406.01 66.29 
29 67.42 257.42 6.45 420.01 67.42 
28 68.54 259.01 7.02 435.01 68.54 
27 69.66 260.72 7.63 451.12 69.66 
26 70.79 262.50 8.25 468.47 70.79 
25 71.91 264.32 8.89 487.21 71.91 
24 73.03 266.70 9.70 507.51 73.03 
23 74.16 269.16 10.53 529.58 74.16 
22 75.28 271.72 11.37 553.65 75.28 
21 76.40 274.38 12.23 580.02 76.40 
20 77.53 277.72 13.28 609.02 77.53 
19 78.65 281.51 14.45 641.07 78.65 
18 79.78 286.66 15.99 676.69 79.77 
17 80.90 295.32 18.45 716.49 80.90 
16 82.02 304.01 20.78 761.27 82.02 
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0 0.5 1 1.5 20.25
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¾!( Census Blocks Centroids!. Bus StopsScotlandville Route
Blocks with Transit Access
400 meter Buffer
Census Blocks  





















in Bus Stop 
Spacing 
103 0.00 231.99 0.00 156.49 0.00 
102 0.97 231.99 0.00 158.03 0.97 
101 1.94 231.99 0.00 159.59 1.94 
100 2.91 231.99 0.00 161.19 2.91 
99 3.88 231.99 0.00 162.81 3.88 
98 4.85 231.99 0.00 164.48 4.86 
97 5.83 231.99 0.00 166.17 5.83 
96 6.80 231.99 0.00 167.90 6.80 
95 7.77 231.99 0.00 169.67 7.77 
94 8.74 231.99 0.00 171.47 8.74 
93 9.71 231.99 0.00 173.32 9.71 
92 10.68 231.99 0.00 175.20 10.68 
91 11.65 231.99 0.00 177.13 11.65 
90 12.62 231.99 0.00 179.10 12.62 
89 13.59 231.99 0.00 181.11 13.59 
88 14.56 231.99 0.00 183.17 14.56 
87 15.53 232.00 0.00 185.27 15.53 
86 16.50 232.00 0.00 187.43 16.51 
85 17.48 232.00 0.00 189.63 17.48 
84 18.45 232.00 0.00 191.89 18.45 
83 19.42 232.00 0.00 194.20 19.42 
82 20.39 232.01 0.01 196.57 20.39 
81 21.36 232.01 0.01 199.00 21.36 
80 22.33 232.01 0.01 201.48 22.33 
79 23.30 232.02 0.01 204.03 23.30 
78 24.27 232.02 0.01 206.65 24.27 
77 25.24 232.03 0.02 209.33 25.24 
76 26.21 232.04 0.02 212.09 26.21 
75 27.18 232.05 0.03 214.92 27.19 
74 28.16 232.07 0.03 217.82 28.16 
73 29.13 232.10 0.04 220.80 29.13 
72 30.10 232.12 0.06 223.87 30.10 
71 31.07 232.17 0.07 227.02 31.07 
70 32.04 232.21 0.09 230.27 32.04 
69 33.01 232.26 0.11 233.60 33.01 
68 33.98 232.32 0.14 237.04 33.98 
67 34.95 232.39 0.17 240.58 34.95 
66 35.92 232.47 0.21 244.22 35.92 
65 36.89 232.58 0.25 247.98 36.89 
64 37.86 232.68 0.30 251.85 37.86 
63 38.83 232.82 0.36 255.85 38.84 
62 39.81 232.98 0.42 259.98 39.81 
61 40.78 233.20 0.52 264.24 40.78 
60 41.75 233.43 0.61 268.64 41.75 
59 42.72 233.66 0.71 273.20 42.72 
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58 43.69 233.90 0.81 277.91 43.69 
57 44.66 234.14 0.92 282.78 44.66 
56 45.63 234.38 1.02 287.83 45.63 
55 46.60 234.64 1.13 293.07 46.60 
54 47.57 234.92 1.25 298.49 47.57 
53 48.54 235.24 1.38 304.13 48.54 
52 49.51 235.68 1.56 309.97 49.52 
51 50.49 236.15 1.76 316.05 50.49 
50 51.46 236.64 1.96 322.37 51.46 
49 52.43 237.19 2.19 328.95 52.43 
48 53.40 237.88 2.48 335.81 53.40 
47 54.37 238.58 2.76 342.95 54.37 
46 55.34 239.29 3.05 350.41 55.34 
45 56.31 240.02 3.35 358.19 56.31 
44 57.28 240.77 3.64 366.33 57.28 
43 58.25 241.53 3.95 374.85 58.25 
42 59.22 242.35 4.27 383.78 59.22 
41 60.19 243.28 4.64 393.14 60.19 
40 61.17 244.25 5.02 402.97 61.17 
39 62.14 245.53 5.52 413.30 62.14 
38 63.11 247.00 6.08 424.17 63.11 
37 64.08 248.61 6.69 435.64 64.08 
36 65.05 251.70 7.83 447.74 65.05 
35 66.02 256.42 9.53 460.53 66.02 












































































































































0 0.9 1.8 2.7 3.60.45
Miles
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% Increase in 
Average Bus 
Stop Spacing 
37 0.00 320.03 0.00 494.45 0.00 
36 2.70 320.03 0.00 508.18 2.70 
35 5.41 320.03 0.00 522.70 5.41 
34 8.11 320.03 0.00 538.08 8.11 
33 10.81 320.03 0.00 554.38 10.81 
32 13.51 320.03 0.00 571.71 13.51 
31 16.22 320.03 0.00 590.15 16.22 
30 18.92 320.03 0.00 609.82 18.92 
29 21.62 320.03 0.00 630.85 21.62 
28 24.32 320.03 0.00 653.38 24.32 
27 27.03 320.03 0.00 677.58 27.03 
26 29.73 320.15 0.04 703.64 29.73 
25 32.43 320.27 0.07 731.78 32.43 
24 35.14 320.42 0.12 762.28 35.14 
23 37.84 321.11 0.34 795.42 37.84 
22 40.54 321.85 0.57 831.57 40.54 
21 43.24 323.06 0.94 871.17 43.24 
20 45.95 324.54 1.39 914.73 45.95 
19 48.65 326.08 1.85 962.87 48.65 
18 51.35 327.88 2.39 1016.37 51.35 
17 54.05 330.24 3.09 1076.15 54.05 
16 56.76 333.49 4.04 1143.41 56.76 
15 59.46 340.01 5.88 1219.64 59.46 
14 62.16 355.51 9.98 1306.76 62.16 
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0 0.25 0.5 0.75 10.125
Miles
Â!( Census Blocks Centroids!. Bus StopsThmomas Delpit Route
400 meter Buffer
Blocks with Transit Access
Census Blocks
 





















% Increase in 
Average Bus 
Stop Spacing 
66 0.00 216.35 0.00 154.30 0.00 
65 1.52 216.35 0.00 156.67 1.51 
64 3.03 216.35 0.00 159.12 3.03 
63 4.55 216.35 0.00 161.65 4.55 
62 6.06 216.35 0.00 164.25 6.06 
61 7.58 216.35 0.00 166.95 7.58 
60 9.09 216.35 0.00 169.73 9.09 
59 10.61 216.35 0.00 172.61 10.61 
58 12.12 216.35 0.00 175.58 12.12 
57 13.64 216.35 0.00 178.66 13.64 
56 15.15 216.35 0.00 181.85 15.15 
55 16.67 216.35 0.00 185.16 16.67 
54 18.18 216.35 0.00 188.59 18.18 
53 19.70 216.36 0.00 192.15 19.70 
52 21.21 216.36 0.00 195.84 21.21 
51 22.73 216.36 0.00 199.68 22.73 
50 24.24 216.36 0.00 203.68 24.24 
49 25.76 216.38 0.01 207.83 25.76 
48 27.27 216.41 0.03 212.16 27.27 
47 28.79 216.48 0.06 216.68 28.79 
46 30.30 216.57 0.10 221.39 30.30 
45 31.82 216.65 0.14 226.31 31.82 
44 33.33 216.75 0.18 231.45 33.33 
43 34.85 216.96 0.28 236.83 34.85 
42 36.36 217.23 0.41 242.47 36.36 
41 37.88 217.51 0.53 248.38 37.88 
40 39.39 217.79 0.66 254.59 39.39 
39 40.91 218.08 0.79 261.12 40.91 
38 42.42 218.38 0.93 267.99 42.42 
37 43.94 218.68 1.06 275.24 43.94 
36 45.45 219.02 1.22 282.88 45.45 
35 46.97 219.46 1.42 290.97 46.97 
34 48.48 219.95 1.63 299.52 48.48 
33 50.00 220.47 1.87 308.60 50.00 
32 51.52 221.02 2.11 318.24 51.52 
31 53.03 221.90 2.50 328.51 53.03 
30 54.55 222.84 2.91 339.46 54.55 
29 56.06 223.95 3.39 351.16 56.06 
28 57.58 225.11 3.89 363.71 57.58 
27 59.09 226.39 4.43 377.18 59.09 
26 60.61 227.94 5.08 391.68 60.61 
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% Increase in 
Bus Stop 
Spacing 
20 0.00 258.00 0.00 253.43 0.00 
19 5.00 258.00 0.00 266.77 5.00 
18 10.00 258.00 0.00 281.59 10.00 
17 15.00 258.00 0.00 298.16 15.00 
16 20.00 258.00 0.00 316.79 20.00 
15 25.00 258.00 0.00 337.91 25.00 
14 30.00 258.00 0.00 362.05 30.00 
13 35.00 258.00 0.00 389.90 35.00 
12 40.00 258.00 0.00 422.39 40.00 
11 45.00 258.00 0.00 460.79 45.00 
10 50.00 258.00 0.00 506.87 50.00 
9 55.00 258.07 0.02 563.18 55.00 
8 60.00 258.32 0.12 633.58 60.00 
7 65.00 260.03 0.78 724.09 65.00 
6 70.00 262.74 1.80 844.78 70.00 
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% Increase in 
Average Bus 
Stop Spacing 
40 0.00 229.68 0.00 197.84 0.00 
39 2.50 229.68 0.00 202.91 2.56 
38 5.00 229.68 0.00 208.25 5.13 
37 7.50 229.68 0.00 213.88 7.70 
36 10.00 229.68 0.00 219.82 10.28 
35 12.50 229.68 0.00 226.10 12.86 
34 15.00 229.68 0.00 232.75 15.44 
33 17.50 229.68 0.00 239.81 18.03 
32 20.00 229.68 0.00 247.30 20.63 
31 22.50 229.68 0.00 255.28 23.23 
30 25.00 229.68 0.00 263.79 25.83 
29 27.50 229.68 0.00 272.88 28.45 
28 30.00 229.68 0.00 282.63 31.07 
27 32.50 229.68 0.00 293.10 33.70 
26 35.00 229.68 0.00 304.37 36.35 
25 37.50 229.68 0.00 316.55 39.00 
24 40.00 229.69 0.00 329.74 41.67 
23 42.50 229.71 0.01 344.07 44.35 
22 45.00 229.75 0.02 359.71 47.05 
21 47.50 230.15 0.17 376.84 49.76 
20 50.00 230.62 0.21 395.68 52.50 
19 52.50 231.25 0.27 416.51 55.26 
18 55.00 232.23 0.43 439.65 58.06 
17 57.50 233.87 0.70 465.51 60.88 
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